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In this dissertation, I explore an unintended downside of Virtual Reality (VR) in 
marketing practice. I find that despite firms’ intention to use VR as a gateway experience to 
future consumption in reality, the same experience delivered in VR (vs. non-VR) mode lowers 
consumers’ subsequent desire for similar kinds of experiences because people satisfy their needs 
in VR that they otherwise would in reality. This effect is consistently observed among consumers 
with a strong (vs. weak) need to engage with the VR experiences, namely (1) high sensation 
seekers engaging with stimulating VR content and (2) highly mindful individuals engaging with 
calm and contemplative VR content. To document the underlying mechanism, I measure users’ 
physiological reactivity (i.e., Skin Conductance Response) to stimulating VR and find that high 
sensation seekers engage with stimulating VR content more intensely than low sensation seekers. 
As a result, high sensation seekers readily satisfy their need for sensation in stimulating VR, 
reducing their subsequent desire for stimulating consumption in reality. The negative effect is 
also observed among consumers with high dispositional mindfulness using calm museum VR. I 
further find evidence for consumers’ need satisfaction in VR by showing that the negative effect 
diminishes when the real-world consumption experience is dissimilar (vs. similar) to the 
previous VR experience. Two field studies in a South Korean VR “theme park” and the National 
Museum of Korea, and three controlled lab experiments consistently reveal VR’s negative 
effects on consumers’ cognitive, behavioral, and physiological responses. I highlight 
implications of using VR as a substitute for reality and demonstrate how VR experiences can 
dissuade, rather than induce, corresponding consumption in reality among target consumers. 
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Virtual Reality (VR) has reshaped everyday consumption experiences in just a few years. 
Since Facebook’s $2 billion acquisition of VR startup Oculus in 2014, there has been an 
explosive growth of VR technology in the marketplace as well as an emergence of new firms 
specializing in VR software and hardware. Today, consumers are able to walk through their 
newly furnished living room without making any purchase, see the view from their hotel room 
before making reservations, or watch their favorite artists perform at a concert from front-row 
seats—all simply by stepping into VR. VR’s lifelike realism incorporates multisensory inputs 
and brings experiences to life, transporting users into another world and evoking telepresence—
the feeling of “being there” (Steuer 1992; Lombard and Ditton 1997). As the accessibility of VR 
hardware (e.g., Google Cardboard) builds momentum for a broader adoption of this technology, 
investors have started to pay attention to the experiential value of VR. As a result, the global VR 
market was valued at $7.9 billion in 2018 and is expected to skyrocket to $109 billion by 2026 
(Business Wire 2020).  
Interest in VR as a marketing tool has led firms to produce VR content that either 
replicates the actual consumption experiences in the form of product trial, or offers unique 
experiences that are in line with the brand positioning as a tool for experiential advertising and 
promotions (Barnes 2011; Wasko et al. 2011). In this dissertation, I focus on the latter and 
explore the effect of VR as an experiential advertising tool that is meant to incite consumer 
curiosity and motivate future consumption. Even though its content may not be as directly tied to 
shopping as a VR-based product trial (e.g., test driving a car in VR before purchase), a VR-based 
marketing promotion is intended to ultimately encourage consumption by enabling consumers to 
2 
 
experience what it feels like to be a brand’s consumer and inspiring them to connect with the 
brand identity.  
For example, outdoor brands including North Face and Merrell led VR advertising 
campaigns by creating VR hiking adventures and offering them to in-store visitors so they can 
experience firsthand the outdoor spirit and thrills that these brands stand for, instead of merely 
imagining them (Halzack 2015; Nudd 2015). North Face’s VR experience allows in-store 
shoppers to trek and rock climb through the landscapes of Yosemite National Park and the Moab 
desert alongside professional athletes. Merrell’s in-store VR installations incorporate tactile 
elements such as physical rope walkways and shaking wooden planks underfoot as customers 
experience landslides and dodge falling rocks en-route. Mountain Dew also created its own 
experiential VR content as part of a marketing campaign, featuring various extreme outdoor 
activities, including skydiving, racecar driving, and snowboarding, in order to advertise the 
scintillating experience of consuming its new line of energy drinks.  
Not all VR is meant for thrill seekers looking for stimulating experiences. Due to the 
intangible nature of tourism, marketers who have heavily relied on visual imagery to promote 
destination travel and resort hotels are turning to VR to increase visitation (Baker and Cameron 
2008; Echtner and Ritchie 1991). For instance, Shangri-La Hotel and Resort’s immersive VR 
experiences take consumers to private spa parlors from various global locations, and Uniworld 
River Cruise launched a VR application to showcase its flagship cruise and luxury experiences 
on board to recruit prospective customers. Smaller spa resorts also use VR to deliver an 
experience of tranquility in a distant place (Klein 2003). Furthermore, art and historical museums 
across the world, including the Metropolitan Museum of Art and the Vatican Museum, offer VR 
tours as well as VR-based educational initiatives. Even though many virtual experiences were 
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put in place when actual museum visits became impossible during the COVID-19 pandemic, 
many museums regard the primary purpose of VR as a trigger for physical visits—calling VR a 
“marketing tool for the ‘real’ museum offline”—rather than a substitute for them (Farago 2020). 
These examples point to firms’ expectations that VR-based marketing will incite 
consumers’ desire for corresponding consumption in real life by providing a powerful glimpse 
into how the actual consumption experiences would feel. Importantly, the fact that brands often 
create and sponsor their own VR contents that feature very specific types of experiences (e.g., 
extreme sports, relaxing spa, museum VR) shows the importance of targeting VR experiences to 
meet consumers’ specific needs. For example, the VR studio that created a virtual hiking 
experience for Merrell specifies that the content is made for the brand’s “adrenaline-fueled” 
customer base (Framestore 2015). Mountain Dew’s skydiving VR was also created to reflect the 
experience of drinking the new “Label Series”, which is described as having “tantalizing and 
unexpected crafted tropical flavors…to fuel your dark side” (Lacy 2017).   
Focusing on VR as an immersive marketing tool, this dissertation investigates an 
unintended substitution effect of VR among target consumers. Specifically, I test how high 
sensation seekers (target segment) experience and respond to thrilling VR, and how highly 
mindful consumers (target segment) respond to calm and ruminative VR. Results suggest that 
despite marketers’ intentions, VR experiences can attenuate target consumers’ desire to seek 
similar needs via actual consumption. This is because these consumers have a strong initial need 
that can be fulfilled by such VR experience (i.e., high sensation seekers doing stimulating VR, 
highly mindful people doing calm VR). Thus, the consumers become motivated to satisfy their 
needs by actively engaging with the VR experience; ironically, their successful need satisfaction 
in VR then diminishes the need in reality. I test this mechanism by measuring consumers’ 
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physiological engagement (i.e., Skin Conductance Response, SCR) with the VR experience. I 
then demonstrate the downstream effects of VR in various consumption categories such as 
product choice, ad evaluation, and preference for subsequent VR content, by conducting lab 







Chapter 1: Literature Review 
 
1.1 Virtual Reality: The Technology Behind It 
Virtual Reality (VR) is defined as an immersive technology that incorporates a set of 
tools to enable users to experience a world beyond reality (Berg and Vance 2017). The origin of 
the term Virtual Reality partly explains the predominant focus on VR technology over its 
psychological effects, as it was first coined in 1989 by the CEO of a manufacturing company for 
goggles, gloves, and other VR devices (Kreueger 1991). Definitions of VR have thus focused on 
the specific collection of hardware required for this technology. Most often, consumers use head-
mounted displays (HMD), or VR headsets, to immerse into an interactive VR environment. A 
VR HMD replaces users’ perceptual inputs from the physical world (e.g., visual, auditory cues) 
with those from a virtual world and reflects their real-time movement, entirely displacing users 
from their real-world presence. Paired with eye-tracking sensors or gloves that communicate 
physical gesture in the virtual space, VR HMD can further heighten user immersion (Burke and 
Leykin 2014).  
Currently, there are three types of VR devices: 1) mobile HMD, 2) tethered HMD (i.e., 
connected to PC), and 3) standalone HMD. First, mobile HMDs, such as Google Cardboard and 
Samsung’s Gear VR series, are paired with a compatible smartphone that, once inserted, turns 
into a VR screen. Mobile VR platforms are the primary driver of mass VR adoption since they 
require minimal incremental investment. Mobile HMD users can also leverage the high-
resolution displays and processing chips already found in their smartphone devices. While these 
devices can produce impressive VR experiences, limited battery life and the capped processing 
power inhibit the full potential of this medium. Second, tethered HMDs are currently the most 
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sophisticated devices on the market, as they contain greater processing power and a greater 
number of sensors than mobile HMDs. While they still require host systems such as PC and 
Game Consoles, these devices can deliver high-quality VR experiences with a more complete, 
full-feature offering. Major platforms include Oculus Rift, HTC Vive, and PlayStation VR. 
Third, standalone VR devices, including Oculus Quest and HTC’s Vive Focus, are integrative 
headsets that provide full mobility and positional tracking for less encumbered experiences. 
Delivered through these hardware, current VR experiences are gesture-based where user controls 
are largely driven by head and hand movements.  
VR and a related technology, Augmented Reality (AR), differ in meaningful ways so it is 
important to distinguish the two. An easy way to distinguish the two is that VR uses an opaque 
headset that separates the user from the physical world, whereas AR uses a transparent headset 
so users can observe their physical environment and overlay digital components on top of it. 
Once users put on a VR HMD, they cannot see their actual surroundings, and they can only 
control their actions inside the virtual world. Unlike VR that completely separates the user from 
physical reality, AR is not aimed at replacing the physical world, but rather merges the physical 
reality with virtual elements by overlaying the digital stimuli that can interact with users’ 
physical environment (e.g., a simulated piece of furniture in an actual room) in real time 
(Carmigniani and Furht 2011; Sholz and Smith 2016). The AR devices, besides one’s 
smartphone, include Microsoft HoloLens, Google Glass, and Magic Leap.  
The hype for VR technology began when Facebook acquired Oculus, a VR startup, for $2 
billion in 2014. Over the next two years, there were more than 225 VC investments in AR/VR 
tech firms, raising $3.5 billion in capital (Goldman Sachs 2016). There is no better 
demonstration for VR’s transformative potential in consumers’ lives than its growth just within 
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the last few years. The same year when Facebook acquired Oculus, Sony announced PlayStation 
VR and Samsung revealed its own HMD, Samsung gear VR, partnering with Oculus. In 2015, 
Intel invested in a funding for the VR startup WorldsViz. Comcast and Time Warner then 
participated in a $30.5 million funding round for NextVR, which captures live events in VR. In 
2017, Facebook announced its intention to make broad-based VR a core aspect of its social 
network (Neurons Inc. 2019). The advances in ergonomics and audio of VR HMD led to the 
debut of Oculus’s first standalone VR headset called Oculus Go in 2018. Finally, a more refined 
PC headset called Oculus Rift and a mobile VR headset Oculus Quest were released in 2019 (and 
Quest 2 in 2020), which became the most widely used and groundbreaking VR device with hand 
tracking to-date (Dingman 2021).  
Major price cuts in VR devices have further widened VR adoption, fueling even more 
investment in new content. Oculus Rift massively cut its cost from $599 to $399 in 2017; HTC 
dropped its price from $799 to $599 the same year. With a wide distribution of mobile HMDs 
(e.g., NYTimes’ distribution of 1.3 million Google Cardboards to its subscribers), people’s 
smartphones could turn into a VR module, so users can enter into a VR environment anytime, 
anywhere. The coronavirus pandemic also contributed to firms’ use of VR-enabled platforms and 
tools—more than half of medium and large businesses in advanced economies reported they plan 
on active adoption of VR technology by 2025 (Leprince-Ringuet 2020). As a result, the global 
VR market was valued at $7.9 billion in 2018 and is expected to skyrocket to $109 billion by 
2026 (Business Wire 2020).  
1.2 Virtual Reality: The Psychology Behind It 
A device-driven understanding of VR is inadequate for marketers, policy makers, and 
consumers alike because it fails to provide insight into the psychological processes and 
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behavioral outcomes of using VR on consumers’ purchase decisions. Defining VR as “a real or 
simulated environment in which a perceiver experiences telepresence,” Steuer (1992) highlighted 
telepresence—the experience of presence, or a feeling of being in another world—in order to 
establish VR as a human experience. In VR, users not only receive information but also live it, as 
both a creator and receiver of information. For example, when a VR user’s foot slips while 
walking on a rope, the sensory cues from VR make the user feel like they are actually falling off 
the ground. This is unlike traditional media such as television or radio that only lets users 
passively receive information. VR allows users to be present in a world beyond reality that is 
either simulated (e.g., rollercoaster rides) or fictitiously created (e.g., zombie games; Lombard 
and Ditton 1997; Boyd and Koles 2019). 
Two determinants of telepresence are high vividness and interactivity. Vividness refers to 
the ability of a technology to create a sensorially rich environment, and this is enabled by the 
diverse and sophisticated sensory cues presented in VR (e.g., one hears an explosion while 
seeing the flash simultaneously in VR) (Rafaeli 1988; Biocca 1992). Interactivity refers to the 
extent to which the technology permits users to influence the mediated environment, and this is 
enabled by the motion-sensing VR HMD and controllers (e.g., one “grabs” a box using a 
controller and walks with it to move it) (Naimark 1990). Note that the determinants of 
telepresence refer to the properties of VR technology, rather than of individual users (Steuer 
1992). This suggests that there needs to be a more consumer-focused understanding of the VR 
experience.  
1.3 Prior Research on Virtual Reality 
 Existing VR research suggests that due to its ability to induce telepresence, VR serves as 
a replica of reality in which people behave exactly as they would in real life. Perhaps this view 
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explains the predominance of VR research in professional domains like surgical and military 
training (McCloy and Stone 2001; Bhagat, Liou, and Chang 2016), clinical psychology 
(Rothbaum et al. 2000), and education (Bailenson et al. 2008). Even in consumer research, the 
study of VR rarely goes beyond simulating various shopping situations. For example, researchers 
have utilized virtual stores that reflect actual store environments to predict the effectiveness of 
actual in-store displays (Burke et al. 1992; Breugelmans and Campo 2011) or explored 
consumers’ heightened use of mental simulation during virtual product interactions (Schlosser 
2003). Others have tried to perfect VR’s similitude to physical reality by incorporating mock 
salesperson interactions and virtual product brochures (Urban et al. 1996).  
A recent stream of consumer research explores more wide-ranging outcomes of VR. 
Kandaurova and Lee (2019) found that using VR to watch a video on a social issue increased 
consumers’ intentions to volunteer and donate money, more than watching it on a flat screen. 
Those who cut down a virtual tree in VR also consumed 20% fewer paper napkins compared to 
those who, instead, merely read about deforestation (Ahn, Bailenson, and Park 2014). In another 
context, people used VR (i.e., self-avatars in VR) as a way to enhance themselves on dimensions 
that they perceived as weak in real life, suggesting that VR can be used for self-enhancement 
purposes (Messinger et al. 2019).  
Although growing in scope, existing research regards the VR experience as a mere 
reflection of behaviors in reality. The assumption is that if people see a moving video in VR, 
they would be moved and act more generously in reality; if they purchased more in a VR 
supermarket, they would purchase more in a real supermarket. Firms also operate under the same 
assumption and try to recreate actual consumption experiences in VR to provoke consumers’ 
curiosity and desire for those experiences. In contrast, this dissertation shows that VR neither 
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predicts nor precipitates the same kind of experience in reality. Rather, virtual experiences 
reduce consumers’ desire to pursue similar needs via actual consumption, namely reducing 
desire for stimulating consumption after stimulating VR and calming consumption after mild, 
reflective VR.  
I note that one paper using a VR-style website (i.e., touring a museum on a website using 
Google’s “Street View” technology) found a similar substitution effect such that an online 
museum visit lowers people’s intention to visit the same museum in person (Deng, Unnava, and 
Lee 2019). However, key differences exist: First, using a VR-style website from Deng et al. 
(2019) resembles a non-VR experience tested in this dissertation, which refers to 360-degree 
visual experiences on a flat screen without a VR headset. In a way, the non-VR experience from 
my studies (i.e., watching a 360-degree video on a phone) is even more immersive than using a 
VR-style website, because the non-VR participants in my studies were able to walk around their 
physical space and turn the smartphone to look in all directions instead of using the mouse to 
“click” through an online space from their seats. In terms of creating a complete VR customer 
experience, seeing a VR-style website is far different from living out an experience using a VR 
headset. Second, in all of my studies, I use VR experiences that are thematically similar to the 
subsequent real-world consumption experiences rather than direct replications of real-world 
experiences. This is because I aim to explore the effect of VR as an experiential marketing tool, 
rather than a tool for product trial. The negative effect observed in my dissertation, therefore, 
cannot be fully explained by the fact that people equate virtual samples with actual products, as 





1.4 Consumer Needs as a Major Determinant of VR Experience   
Unlike prior research that puts the emphasis on the technology or the content of VR, this 
dissertation puts consumers at the locus of VR experience. This is because VR users’ individual 
characteristics must interact with the telepresence-inducing environment enabled by VR 
technology to create a unique VR customer experience. Laurel (1986, 1991) likens such 
interactive relationship between the media user and the mediated environment to an audience at a 
play (user) and the play (mediated environment). Anyone can see that a play on stage is not real 
life; however, one must willingly suspend this disbelief and “pretend” that this is a real event, or 
even a first-person event, to fully experience and engage with the play. Likewise, a VR 
environment can transport users by engendering high vividness or interactivity. From there, 
however, what ultimately determines users’ VR experience is their active, internal willingness to 
engage with the VR content.  
In this dissertation, I construe VR users’ needs as the key individual factor that 
determines their willing engagement with VR. As a function of their needs, consumers will 
differentially experience and respond to VR. Studying how consumers’ needs influence their 
engagement with and response to a VR experience is important for targeting purposes, as firms 
often create and tailor the content of VR to match consumers’ needs. The expectation is that the 
target consumers of VR will heighten engagement and increase their interest in similar 
experiences in reality. For example, a reflective VR experience at a history museum that involves 
examining and learning about artifacts tends to target museum visitors with generally high (vs. 
low) mindfulness, not only to increase user engagement but also to promote interest in historical 
learning and future exhibitions.  
Next, I explain two needs that are explored in this dissertation.   
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1.5 Sensation Seeking as a Need for Strong Sensations 
I first focus on people’s chronic need for strong and vivid sensations, that is, a sensation 
seeking tendency. Sensation seeking is defined as the “need for varied, novel, and complex 
sensations and experiences and the willingness to take physical and social risks for the sake of 
such experience” (Zuckerman 1979, p.10). I note that the term sensation is used instead of 
stimulation because sensation refers to the sensory effects of external stimulation on a person. 
This suggests that sensation seekers can cope and interact with an external stimulus so that the 
ultimate effect of that stimulus can intensify over and above the features of the stimulus itself. 
For example, they tend to produce unusual sensations and images while reading a novel. 
Relatedly, the term seeking represents a motivated, “active mode” of pursuing and experiencing 
strong sensations (Zuckerman 1979, p.10). High sensation seekers can stimulate themselves by 
whistling or simply wandering in their own rich fantasies. Left to their own devices, high 
sensation seekers are able to intensify the level of sensation by actively orienting toward and 
engaging with the stimulus that is available to them.  
Stemming from primary motives (Berlyne 1960), sensation seeking tendency is similar to 
the mechanism of curiosity found in young children (Tolman 1926). Observations of children’s 
exploratory behaviors suggest that they do not have to be stimulated nor be deprived of 
stimulation in order to be sensation seeking. They initiate change, improvise games, maximize 
ideas, and go on risky adventures on their own, sometimes against their parents’ wishes. As 
consumers, people show similar appetites and curiosity for strong sensations by going to 
amusement parks, trying risky activities like white water rafting, or simply turning away from 
their routine by visiting new stores (Csikszentmihalyi 1990; Arnould and Price 1993; Isikman et 
al. 2016). In a similar vein, sensation seeking has been conceptualized as consumers’ chronic 
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level of hedonic energy (Holbrook and Hirschman 1982) that motivates them to do exciting 
consumption activities such as white water rafting. Sensation seeking tendency is also a stable 
personality trait with high heritability (Fulker, Eyesenick, and Zuckerman 1980). This points to 
the difficulty of experimentally manipulating this tendency (Zuckerman et al. 1964; Zuckerman 
1979), as it is a chronic tendency to intensify stimulation from one’s environment (Berlyne 
1960).  
1.6 Mindfulness as a Need for Composure  
Although it is commonly characterized as the ability for focused attention and awareness 
of what is taking place in the present moment (Brown and Ryan 2003), the definition of 
mindfulness varies vastly across research programs, and its meaning is often subject to 
interpretation. Given the nuanced definition of mindfulness, I construe mindfulness as a 
motivated need for composure and cogitation in this dissertation.  
It is helpful to understand that mindfulness has its roots in Buddhist traditions where 
conscious attention and awareness are cultivated through meditation. Mindfulness practice 
involves meditating so that the mind can have “pure” awareness of all that is taking place in the 
present moment—in one’s mind, body, and surroundings (Das 1997; Gunaratana 2002). Indeed, 
a study using Zen students found that those who score high in dispositional mindfulness scale 
(Mindful Attention Awareness Scale (MAAS); Brown and Ryan 2003) incorporate their 
meditative practice into daily life more than low scorers. In the general population, those with 
high dispositional mindfulness are found to value intellectual pursuits (Brown and Ryan 2003) 
and show greater accuracy when answering general knowledge questions (Potenza et al. 2002). 
This suggests that a contemplative practice of deep thinking is closely related to mindfulness 
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(Goldstein 1987). This is consistent with the fact that mindfulness is associated with attentional 
control and other indicators of concentrative capacity (Kabat-Zinn 1990). 
Further, the importance of mental composure in both the research and practice of 
mindfulness lends support to my conceptualization of mindfulness as a motivated need for 
composure. For example, dispositional mindfulness predicts lower emotional volatility and mood 
disturbances (e.g., anxiety and stress) (Brown and Ryan 2003) and lower reactivity to distressing 
stimuli (Creswell et al. 2007). Mindfulness is also associated with higher self-control 
(Gunaratana 2002). This is consistent with findings on mindfulness and gambling (Lakey et al. 
2007) that not only is dispositional mindfulness inversely related to reports of gambling 
problems, but those higher in mindfulness also tend to make safer choices on gambling tasks.   
Mental composure is also imperative to practice mindfulness. Mindfulness exercises are 
designed to facilitate equanimity, whereby thoughts become 'just thoughts,' and feelings 'just 
feelings' (Hayes and Wilson 2003). Operationalization of mindfulness in other interventions 
(e.g., Segal, Williams, and Teasdale 2002) includes composure as a primary vehicle to attain 
mindfulness. Similarly, laboratory-based experimental inductions of mindfulness help 
individuals achieve mental and physical composure by instructing them to relax their breath and 
body, close their eyes and remain calm (Erisman and Roemer 2010; Reynolds et al. 2015; Kiken 
et al. 2016). Important consequences of mindfulness are thus emotional equanimity, calmness, 
enhanced cognitive performance and self-regulation (Gunaratana 2002; Grossman et al. 2004). 
Importantly, although mindfulness can be induced and even trained to a certain extent, 
distortional mindfulness has been found to vary among individuals naturally, irrespective of any 
form of training (Brown and Ryan 2003). Mindfulness was described as an “inherent capacity of 
mind” (Brown, Ryan, and Creswell 2007) that remains stable over time. Further, recent research 
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has identified the genetic antecedents of individual differences in mindfulness (Parasuraman and 
Greenwood 2004) and found that mindfulness is associated with biological neural variations 
(Ochsner et al. 2002; Creswell et al. 2007).  
In my conceptualization, sensation seeking is a motivated need to achieve strong 
sensations and excitement, and mindfulness is a motivated need for cogitation and composure.  
Firms use consumers’ needs like sensation seeking and mindfulness to target their VR contents. 
Thrilling VR experiences, such as Mountain Dew’s skydiving VR, target high sensation seekers 
(with a stronger need for sensation). Mild and contemplative VR contents in history museums 
are likely to appeal to consumers with high mindfulness (with a strong need for composure). In 
both cases, the target consumers are expected to engage strongly with VR and increase their 
desire for similar real-world experiences because the VR content is highly related to their need. I 
test this expectation in this dissertation.  
Next, I present prior research on the effect of need strength on people’s engagement and 
reaction to a need-related activity to derive my hypotheses on the effect of VR.  
1.7 Need Strength Facilitates Need Satisfaction via Active Engagement in Need-
Related Activity  
Lewin (1935) demonstrated a utility-based relationship between goals and perception 
such that people think objects are positive (or negative) to the extent that they support (or hinder) 
active goals. Researchers found substantial evidence that stronger, more active goals, compared 
to weaker and less active goals, make goal-related activities more attractive (Klinger 1975; Read 
and van Leeuwen 1998; Markman and Brendl 2000). Marketing research has also established 
that consumers’ preferences depend on the degree to which a product or service can satisfy their 
goals or needs (Brendl and Higgins 1996; Lynch, Marmorstein, and Weigold 1988; Ratneshwar, 
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Mick, and Huffman 2000). Intensifying need strength leads consumers to think that a need-
related object is highly instrumental, increasing their valuation and preference for it. Food, for 
example, is considered more valuable when people need to eat than when they do not.  
More importantly, need strength affects how intensely people engage with activities that 
aid need satisfaction. Theoretically, this is consistent with the idea that people’s motivational 
orientation affects not only the valence of an experience (as pleasant or unpleasant) but also the 
intensity or “force” of that experience (as more or less engaging/intense) (Lewin 1951; Higgins 
2006). Goal strength was described as “an energizer” that drives people (Hebb 1955), and the 
“invigoration effect” of goals demonstrates that stronger goals increase the vigor of people’s 
goal-pursuit behavior (Kilinger 1975). Normal-weight consumers have been found to purchase 
more groceries than they originally planned, when hungry compared with when not hungry 
(Nisbett and Kanouse 1969; Gilbert and Wilson 2000). This unplanned overconsumption among 
hungry consumers shows that people with stronger (vs. weaker) need to eat increase the intensity 
with which they engage in a need-related activity of grocery shopping. Further, factors that are 
found to heighten one’s psychological need (or desire) to eat, including stress and chronic 
acuteness to hunger, trigger overeating (Dallman 2010).  
In goal-pursuit contexts, numerous findings show that goal strength increases goal-related 
task engagement (Carver and Scheier 1998; Oettingen, Pak, and Schnetter 2001), effort 
(Gollwitzer and Brandstätter 1997; Ryan and Deci 2000), excitement and vitality (Nix et al. 
1999), and persistence in goal pursuit (Amabile et al. 1994). Further, people engage more 
strongly with goal-related activities when there is a regulatory fit between their chronic goal 
orientation and goal strategy (i.e., promotion/eager, prevention/vigilant) than when there is a 
nonfit (Förster, Higgins, and Idson 1998; Bianco, Higgins, and Klem 2003). The fact that 
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people’s need strength predicts greater motivated engagement with a need-related activity shows 
that need strength does facilitate need satisfaction via active engagement.   
Consistent with the “fit” effect, consumers with stronger need are expected to engage 
more strongly with a VR experience that supports the fulfillment of that need. In other words, a 
high degree of motivational fit between consumers’ chronic need and the VR content (expected 
among target consumers) should not only make these consumers likely to try the VR in the first 
place, but more importantly, it will also make them engage more strongly with the need-related 
VR to facilitate need satisfaction. Next, I examine literature on the outcomes of need satisfaction.  
1.8 Need Strength Predicts Greater Inhibition of Fulfilled Need 
According to theories in motivation and social psychology, one way to demonstrate that 
people successfully satisfied their need is the inhibition of that need and need-related constructs 
(Goschke and Kuhl 1993; Marsh, Hicks, and Bink 1998). Once people’s current needs are 
satisfied, they are inhibited, or “cleared up” (Lewin 1951; Liberman and Förster 2000). For 
example, the participants in search of a target showed heightened accessibility of target-related 
words prior to finding the target, but reduced accessibility after successfully finding (vs. not 
finding) the target (Förster, Liberman, and Higgins 2005). Inhibiting already satisfied goals 
serves a functional role by facilitating the pursuit of new goals (Liberman and Förster 2004).    
More importantly, the inhibitory effect is proportional to people’s initial need strength. 
For example, people who had a strong (vs. weak) need to correctly complete the search task 
showed a greater reduction in their ability to access target-related constructs upon task 
completion (Goschke and Kuhl 1993; Förster, Liberman, and Higgins 2005; Liberman, Förster, 
and Higgins 2007). Relatedly, fasting subjects (with high need to eat) were more likely than 
nonfasting subjects to reduce their ratings of a sweet solution after having ingested a glucose 
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load (Cabanac 1971). These findings show that the inhibitory effect of fulfilled need is 
proportional to initial need strength such that satisfying a strong (vs. weak) need results in 
greater (vs. weaker) inhibition for people to start afresh. The functional perspective of need 
inhibition also predicts that a strong inhibition of the previous goal is necessary so that people 
can better transfer their attention and resources to the next goal.  
People can also satisfy and inhibit their needs without actually engaging in a need-related 
activity, but rather via proxy experiences of need satisfaction. For example, merely observing a 
healthy food acted as a proxy experience to satisfy consumers’ need to eat healthy in general 
(Wilcox, Vallen, Block, and Fitzsimons 2009). In another context, the more people imagined 
succeeding (vs. not succeeding) to start a new relationship or to earn a high grade, the less 
successful they were in reality weeks or months later on similar tasks, because imagined success 
made them feel lower need to work for it (Oettingen and Wadden 1991; Gollwitzer 1999; 
Oettingen and Mayer 2002; Kappes, Oettingen, and Mayer 2012). Consumers who imagined 
eating (vs. moving) 30 M&Ms in a bowl ate fewer M&Ms in real life because simulated 
consumption inhibited their desire to consume chocolate in reality (Morewedge, Huh, and 
Vosgerau 2010). This suggests that proxy experiences act as substitutes of actual experiences to 
satisfy consumers’ need, leading to an inhibitory process afterwards.  
In sum, prior literature on the effect of need strength on need satisfaction and inhibition 
offers three insights. First, people with a strong (vs. weak) need are more likely to intensify their 
engagement with a need-related activity to fulfill their need. Second, people who initially have 
strong (vs. weak) needs experience a greater inhibitory effect once those needs are fulfilled. 
Third, proxy experiences can substitute for actual, physical need-related activity to satisfy and 
inhibit people’s needs. Together, I hypothesize that people with a strong (vs. weak) need are 
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more likely to satisfy their need by heightening their engagement with the need-related VR 
content, and as a result of need satisfaction, these individuals should reduce their subsequent 























Chapter 2: Hypotheses and Overview of Studies 
 
Here, I formally report my hypotheses and six studies testing these hypotheses.  
To identify various characteristics of existing VR contents in a real marketplace context, I 
analyze the content and related information, such as view counts and “likes”, of 700 VR videos 
from YouTube. YouTube provides a pertinent setting for my research because it contains a 
device label indicating whether the content can be viewed in VR (vs. non-VR) mode. I 
demonstrate that not only are existing VR contents highly stimulating on average, but higher 
stimulation level predicts greater view counts and likes. Given the relevance, I hold constant the 
VR content as highly stimulating in a number of subsequent studies (Studies 2-5) and test the 
need satisfaction effect of stimulating VR.     
Based on the conceptualization that stronger need motivates need satisfaction by 
increasing one’s active approach to, and engagement with, a need-related stimulus, the same VR 
content may be experienced differently according to individual differences in need strength. 
Thus, I test if consumers’ experiences with the same VR content (i.e., intensity of experience) 
vary as a function of their chronic need strength. If people’s need strength predicts their 
motivated engagement with a need-related VR content, this shows that need strength does 
facilitate need satisfaction in VR via active engagement.   
I seek direct empirical evidence for the influence of need strength on VR engagement by 
testing that high (vs. low) sensation seekers intensify the same stimulating VR content (Study 2). 
Compared to low sensation seekers, high sensation seekers are more motivated and readier to 
fulfill their need for strong sensation (Bruner 1957). Furthermore, stimulating VR content is 
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likely to be a better motivational fit for high sensation seekers as it is highly relevant to their 
need for sensation, strengthening their engagement in VR (Higgins 2006). Formally: 
 
H1: Given the same stimulating VR content, high sensation seekers facilitate need 
satisfaction by engaging with VR more strongly than low sensation seekers.  
 
I measure the strength of consumers’ engagement with VR by their physiological 
response (Skin Conductance Response; SCR) to VR in Study 2. SCR has been used to indicate 
not only arousal but also the level of motivated engagement with a goal-related stimulus 
(Zuckerman 1990; Higgins 2001). Prior studies on sensation seeking found that this tendency 
correlates with higher SCR to stimulative events or stimuli (Neary and Zuckerman 1976; 
Zuckerman 1990). Extending this insight, I test whether high sensation seekers will exhibit 
higher SCR to thrilling VR, suggesting that these individuals facilitate need satisfaction by 
amplifying their engagement during the need-related VR experience.  
I then demonstrate that after VR, there is a negative effect observed among target 
consumers who have satisfied their needs. Study 3 demonstrates field evidence that high 
sensation seekers reduce their desire for stimulating consumption in reality after (vs. before) 
engaging in thrilling VR experiences at a “VR theme park”. Study 4 builds on the findings of 
Study 3 to test that the negative effect among high sensation seekers occurs if they have 
previously experienced a thrilling content in VR, but not if they have seen the same content in 
non-VR. Because people with high (vs. low) initial need strength inhibit their needs more 
strongly after need fulfillment, I predict that high sensation seekers will reduce their subsequent 
desire for stimulating consumption in reality after going through a stimulating VR experience. 
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However, this effect will not occur among low sensation seekers with a weaker need for 
sensation. Together, I hypothesize that:  
 
H2:  For high sensation seekers, but not low sensation seekers, providing strong 
stimulation in VR (vs. non-VR) decreases their subsequent desire for stimulating consumption in 
reality.   
 
Study 5 directly tests that the observed negative effect of stimulating VR occurs because 
high sensation seekers have satisfied their need for strong sensations. The inhibitory effect of 
need satisfaction (which is proportional to initial need strength) predicts that only fulfilled needs 
are inhibited, but other unrelated needs should remain active. Thus, I examine a boundary 
condition for this effect. If H2 occurs because high sensation seekers successfully satisfy their 
need for sensation from stimulating VR, then they should lower their desire for actual 
consumption experiences when these subsequent experiences are also stimulating. In contrast, 
when reality offers a new experience that helps these consumers satisfy a different need (e.g., to 
calm down and relax), the negative effect of VR will diminish. High sensation seekers’ selective 
inhibition of their desire thus shows that they have satisfied their need for strong sensations from 
a thrilling VR. Formally: 
 
H3: After a stimulating VR (vs. non-VR) experience, high sensation seekers decrease 




Lastly, Study 6 uses a mild, contemplative museum VR experience and tests the negative 
effect among target consumers in the field. Museum VR targets visitors who tend to be high in 
mindfulness (with strong need for composure and cogitation). I predict that compared to their 
counterparts who have not participated in the museum VR experience, highly mindful museum 
visitors who have participated in the museum VR experience will report lower desire for calm 
consumption activities. Formally: 
 
H4: People who are high in mindfulness decrease their subsequent desire for calm 
consumption after doing a calm and cogitative VR.   
 
A series of six experimental and field studies demonstrate converging results in support 
of H1-H4. In the following chapters, I report the method, results, and discussion of Studies 1 





Study 1: Exploration of Various Types of VR Content and Evidence 
for the Importance of Stimulating VR Content 
 
Study 1 aims to explore an array of VR contents that are available to consumers and to 
document some key characteristics of these VR experiences. Specifically, I collect data on 700 
VR videos on YouTube, including view counts, content descriptions, likes, and comments. 
YouTube provides a pertinent setting for research because it contains a device label indicating 
whether the same video can be viewed in VR (vs. non-VR) mode. I then identify each video’s 
key characteristics such as the degree of stimulation, telepresence, realism, and valence by using 
two coders’ ratings as well as conducting linguistic analyses on video descriptions. I use these 
data to examine different characteristics of VR as predictors of viewer engagement (view count, 
likes), and to identify more specific VR contents that are both theoretically and managerially 
important.  
3.1 Method 
I selected YouTube as a platform to analyze various VR contents, because the platform is 
widely accessible and free to use for the general audience. YouTube has a collection of VR 
videos that viewers can watch using their smartphones. These videos have a device label so users 
can watch it in VR mode or in regular mode. In VR mode, the screen splits into two smaller 
stereoscopic versions of a scene (Figure 1A) and users can insert a smartphone into HMD (e.g., 
Google Cardboard) to view. Users also have the option to watch the 360-degree videos in regular 





Figure 1: Example of a 360-Degree Video, Viewed in VR Mode (1A) and Regular 
Mode (1B) in Study 1 
 
 
I web-crawled YouTube and collected 700 VR videos. Of all videos, 200 videos were 
from YouTube’s “Virtual Reality” channel, and the remaining 500 were the top 500 results that 
appeared when using “VR video” as a search query on YouTube (sorted by view count). After 
removing duplicates that appeared in both results and videos that were deleted during the time of 
the study (February–March 2021), I was left with 633 videos. For each video, I collected the 
video title, description, upload date, duration, as well as key information on audience 
engagement such as the total view counts and likes. 
With the help of two research assistants, I coded various characteristics of YouTube VR 
content in terms of how exciting and stimulating it is on a ten-point scale (1 = Not at all, 10 = 
Very much). The two items were averaged (𝛼 = .78) to create an index for stimulating content. 
The videos were also coded on the following characteristics: indicative of telepresence (i.e., how 
well the video transports the viewers away from their physical world into another environment), 
extraordinary, positive, engaging, realistic (i.e., how much the video feels lifelike, authentic, or 
close to reality), commercial (i.e., how strongly the video promotes certain brands’ products or 
services), and interactive (i.e., how much social interaction viewers engage in via the video). I 
also coded whether the VR video is of experiences or objects from physical reality, computer-
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generated world, or a mix of both (e.g., actual person walking in a computer-generated game 
world) (1 = Physical world, 2 = Virtual world, 3 = Mix of both). Inter-coder reliability was .86 
and disagreements were resolved by discussion.   
Using the web-crawled dataset and coding results, I first examine the key characteristics 
of existing VR contents, such as their high degree of stimulation and realism. Second, I test 
whether the VR content’s stimulation level predicts greater viewership and viewer responses, 
suggesting that stimulating VR contents are particularly relevant for consumers and marketers of 
VR.   
3.2 Results  
All videos were uploaded between September 2013 and October 2020. Of all videos, 
38% were shorter than 3 minutes, 29% of videos were between 3 minutes and 5 minutes long, 
22% were between 5 minutes and 10 minutes long, and 11% were longer than 10 minutes. The 
videos, on average, had 3,793,297.92 views (SD = 9,859,577.25), 31,064.40 likes (SD = 
92,865.57) and 2,799.05 comments (SD = 4,875.52).  
I analyzed coders’ average ratings of YouTube VR videos. Here, I report the average 
ratings followed by the distribution of ratings for each of the characteristics. Compared to the 
midpoint of the coding scale (5.5 out of 10), the VR videos were, on average, highly indicative 
of telepresence, stimulating, realistic, and extraordinary (see Table 1). The VR videos were also 
highly positive and engaging on average. However, the videos were generally noncommercial in 
nature, suggesting that they were not part of a brand’s ad campaign or intended to generate 
profit. The VR videos were low in social interactive dimension, meaning that the viewers do not 
engage in much interpersonal interaction with other people in VR. Furthermore, there was a near 
equal split between VR videos that take place in a real-world environment with real people 
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(47.9%) and those that take place in a computer-generated non-reality with virtual characters 
(45.2%), while a few remaining videos show a mix of both (6.9%).  
 
Table 1: Summary of VR Content on YouTube 
 
NOTE.— The table reports mean ratings, standard deviations, t-statistics compared to scale 
midpoint (5.5 out of 10), and kurtosis and skewness statistics with standard errors in parentheses.  
* p < .05; ** p < .01; *** p < .001. 
 
 
Furthermore, I analyzed the distribution of the coders’ average Likert ratings to better 
understand VR content characteristics. Specifically, for telepresence ratings, 5.1% of coders’ 
ratings were in the lower range of the scale (below 4 in a ten-point scale), 26.7% of the ratings 
were in the mid-range of the scale (4 through 7), and 68.2% of the ratings were in the higher 
range of the scale (above 7). 6.3% of coders’ stimulation ratings were in the lower range of the 
scale, 69.8% in the mid-range, and 23.9% in the higher range. 18.3% of coders’ realism ratings 
fell into the lower range of the scale, 22% in the mid-range of the scale, and 59.7% in the higher 
range of the scale. Results on coders’ ratings distribution for all other characteristics and 
histograms are reported in Appendix A. 
So far, I found that VR videos are highly indicative of telepresence and realism, and that 
most VR videos have moderate to high levels of stimulation, whereas only a few are low in 
stimulation. To better understand the effects of different VR contents on user engagement, I 
Content 
Characteristic 
Mean SD tcompared to midpoint Kurtosis (SE) Skewness (SE) 
 
Telepresence 7.73 1.93 28.30 *** -1.07 (0.97) 0.50 (0.19) 
Stimulating 6.13 1.40 11.32*** -0.48 (0.97) 0.24 (0.19) 
Realistic 7.24 2.88 15.22*** -0.69 (0.97) -1.00 (0.19) 
Extraordinary 6.32 1.96 10.54*** -0.58 (0.97) -0.61 (0.19) 
Positive 6.62 1.52 18.54*** -0.53 (0.97) 0.28 (0.19) 
Engaging 7.34 1.17 39.54*** -1.40 (0.97) 3.10 (0.19) 
Commercial 1.97 2.16 -41.09*** 2.56 (0.97) 5.30 (0.19) 
Interactive 3.09 2.53 -23.96*** 1.14 (0.97) 0.07 (0.19) 
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conducted a regression using all VR characteristics as predictors of viewership and the number 
of likes. The types of VR content that elicit stronger interest and engagement from the audience 
(i.e., view counts and likes) than others should be managerially important and relevant. 
Interestingly, exciting and stimulating VR contents positively predicted viewership (p < .001) 
and audience engagement (p < .001) (see Table 2). The correlations between VR characteristics 
and other video information from the dataset (e.g., number of comments) are reported in 
Appendix B.   









NOTE.— The table reports regression coefficients in 1,000s with standard deviations in 
parentheses. * p < .05; ** p < .01; *** p < .001. 
 
The fact that highly stimulating VR contents drive greater engagement from the viewers 
was further confirmed in the textual analysis of the video title and video description using the 
Linguistic Inquiry and Word Count (LIWC) program (Pennebaker et al. 2015). LIWC calculates 
how often words from each linguistic category (e.g., “negative emotion” words) appear on a text. 
Treating each category as a proxy for a unique type of VR, I tested which VR contents are the 
strongest predictors of viewership and likes. For example, if a greater frequency of words from 
power category (e.g., “win”, “superior”) predicts higher viewership, this suggests that power-
related VR content is popular.  
Predictor Variables  View Counts Likes 
 
Constant -4240.58 (2919.228) -27.92 (27.98) 
Telepresence 340.636 (222.295) -1.52 (2.11) 
Stimulating 1582.85 (371.16)*** 12.65 (3.54)*** 
Realistic -489.80 (141.90)** -4.74 (1.34)*** 
Extraordinary -498.88 (230.73)* -1.68 (2.22) 
Positive -255.08 (269.44) -2.04 (2.56) 
Engaging 433.08 (408.19) 4.87 (3.91) 
Commercial 498.42 (180.96)** 4.27 (1.72)* 
Interactive -24.12 (155.80) 2.39 (1.48) 
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The following five categories, out of all linguistic categories available in LIWC, were the 
strongest predictors of view counts and likes: (1) negative emotion, (2) anger, (3) drive, (4) 
power, and (5) money. The most frequently used negative emotion words in VR video 
descriptions include: war, horror, battle, scary, kill, attack. Frequent anger words include: war, 
kill, battle, mad, fight, hell, rage, threat, destroy, violent, weapon. Frequent drive words include: 
game, king, take, win, war. Frequent power words include: war, power, high, control. Frequent 
money words include: free, business, shop, rich, invest, money. In all categories that significantly 
predicted higher engagement, fight-related words (e.g., war, battle, win) appeared, suggesting 
that VR videos about wars and fights may be particularly popular among VR users, and trigger 
their responses afterwards (for details on LIWC analysis, see Appendix C).   
3.3 Discussion  
In Study 1, I explore key characteristics of VR contents available in the market and find 
that existing VR contents tend to be highly indicative of telepresence and stimulating, but they 
are noncommercial on average. More importantly, results suggest that stimulating VR contents—
as identified by coders’ ratings of the video content as well as linguistic analyses using video 
descriptions—attract more views and number of likes. Study 1 demonstrates that existing VR 
contents are diverse in their characteristics, but among these features, high stimulation level of 
VR content is a critical predictor of viewership and consumer response. Therefore, in the 
following chapters, I recognize the diversity of VR contents observed here, and use highly 
stimulating VR (e.g., VR cliff jump) as well as a VR content that is relatively neutral and 
contemplative in nature (e.g., guided tour of a museum storage in VR) in a series of experimental 
and field studies. Yet, given the importance of stimulating VR on viewership and consumer 
response, I empirically focus on the effects of stimulating VR (Studies 2-5).  
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Few interesting insights arise from Study 1. First, the fact that existing VR videos are 
quite noncommercial (M =1.97 out of 10) on YouTube, where users need their own VR headsets 
to experience VR, may reflect firms’ awareness that VR hardware penetration is low, so they 
should not distribute VR-based advertisements to consumers via channels like YouTube. This 
suggests that it is unlikely for most consumers to experience VR-based ads in their daily lives, 
like television or mobile ads. Indeed, firms often create and distribute their VR contents directly 
to consumers as in-store experiences that involve physical VR stations or installations. In other 
words, firms’ VR-based advertising or promotions may not be distributed through platforms like 
YouTube, but in a direct B2C context.  
Second, it is interesting that even though VR contents are considered highly realistic (M 
= 7.24 out of 10) on average, realism is negatively related to view counts (p = .001) and likes (p 
< .001; see Table 2). High degree of realism among existing VR contents confirms the 
assumption that VR is considered a mere reflection of reality in which people behave exactly as 
they would in reality. The prevailing notion, then, seems to be that getting people to feel a certain 
way in VR (e.g., feel excited) will also make them feel the same way in reality and act in pursuit 
of that feeling (e.g., engage in exciting consumption activities in reality). However, the negative 
relationship between VR realism and viewer response suggests that making a VR experience as 
lifelike and close-to-reality as possible is not a desirable strategy. Thus, the seemingly 
contradictory result on realism indicates that even though the providers of VR content are 
supplying highly realistic VR, these highly realistic and lifelike VR contents may not be well-
received by end consumers, who may not be interested in such VR contents in the first place or 
show little reaction after experiencing realistic VR. Therefore, providers of VR may believe that 
VR contents should replicate real-world experiences, but such contents may, in fact, reduce 
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customers’ interest and engagement. This is consistent with my conception that immersive VR 













































Study 2: Physiological Evidence for High Sensation Seekers’ Need 
Satisfaction in VR    
 
Study 2 tests the prediction that greater need strength facilitates need satisfaction via 
intensifying people’s engagement in a need-related activity. Holding the stimulating VR content 
constant, I predict that stronger need for sensation increases people’s motivated engagement with 
VR (H1). I test this hypothesis with two established measures of engagement strength: Skin 
Conductance Response and perceived time. First, I measured the intensity of engagement via 
people’s physiological response, i.e., Skin Conductance Response (SCR) to VR1. SCR 
(Zuckerman 1979, p. 323) is considered a reliable measure for one’s “arousability” to a given 
stimulus that is difficult to capture via self-reported responses. Importantly, SCR has been 
identified as a measure of not only physical arousal but also the level of motivated engagement 
with (Higgins 2001), and orienting response to, a goal-relevant stimulus (Zuckerman 1990). For 
example, prior literature on sensation seeking has shown that high sensation seekers show greater 
SCR to a novel stimulus as a reflection of a greater motivated engagement than low sensation 
seekers (Neary and Zuckerman 1976; Stelmack et al. 1983; Smith et al. 1986). Similarly, if high 
sensation seekers strongly engage with VR to satisfy their need for sensation, then they should 
show higher SCR to VR. Second, I measure participants’ perceived time based on prior research 
that intense task engagement alters people’s sense of time such that they perceive time as passing 
more quickly than it actually did (Gable and Poole 2010; Sackett et al. 2010). 
 
 
1 Skin conductance measures the electrical conductance of the skin related to the level of sweat in the sweat glands 




I tested how participants’ SCR to the same stimulating VR experience varies as a 
function of their sensation seeking tendency. Thus, this experiment required all participants to 
use VR headsets to watch a video in the lab.  
One hundred twenty-two students (62.3% female, Mage = 23.7) from the Columbia 
Business School Behavioral Research Lab (BRL) participant pool were recruited through the 
lab’s online recruitment platform. Participants signed up for a “video and physiological response 
study” as a two-part longitudinal study. At least three days prior to the lab session, the 
participants reported their chronic sensation seeking tendency in an online survey (pre-lab 
questionnaire).  
Part 1. Pre-lab questionnaire. I provided a modified version of the original 40-item 
Sensation Seeking Scale (Zuckerman 1979)2. Participants indicated how much they agreed with 
each statement (e.g., “I would like to try parachute jumping”; “I sometimes like to do things that 
are a little frightening”) on a scale from 1 (Strongly disagree) to 7 (Strongly agree). The 
questionnaire was embedded in the study with other filler measures.   
Part 2. Lab experiment. The second part of the longitudinal study took place after a 
minimum of 3 days had passed after the participants completed the first part of this study. In this 
second part of the survey, each lab session tested one participant at a time. Upon arrival at the 
lab, the participants left behind any belongings that would restrict physical movement and 
entered a room with a desktop computer and a physiological device. They were told that the 
researchers were interested in how different populations respond to various tasks, and they had 
 
2  I excluded the following items from the original scale: “I have tried marijuana or would like to”, “I would like to 
meet some persons who are homosexual (men or women)”, and “I like to often get high (drinking liquor or smoking 




been selected as part of the student population. All participants were then told the study has four 
sections: (1) rest section where they sit still with the physiological sensors attached to them, (2) 
VR section where they watch a VR video, (3) voice-recording section where they verbally 
describe their VR experience into a voice recording device, and (4) online questionnaires about 
their experience. Participants were further told that in parts (1) through (3), they would keep the 
physiological sensors on their fingers3. Skin conductance was measured and stored using the 
Biopac psychophysiology system (GSR 100C galvanic skin response transducer) with 
Acqknowledge software 3.9.2 for PC (Biopac, Santa Barbara, CA). Skin conductance was 
measured in microSiemens (𝜇S).  
Rest section (Baseline Skin Conductance Level)4. With the physiological sensors attached 
to their nondominant hand, the participants were asked to rest their hand facing palm up and stay 
still. Here, baseline Skin Conductance Level (SCL) was measured for 60 seconds.  
VR section (Dependent Variable 1: SCR to current VR). Then, all participants watched a 
video through the VR headset for 11 minutes and 20 seconds (https://www.with.in/watch/the-
caretaker). The video follows a journey of a person who checks into a mysterious hotel with her 
partner after their car breaks down. After her partner suddenly goes missing, she goes through a 
series of exciting occurrences that warp her sense of reality as the hotel’s eerie secrets are 
 
3 Skin conductance was recorded with two 8‐mm Ag-AgCl cup electrodes attached to the first and third fingers on 
the participants’ nondominant hand. As recommended, I used 0.5%-NaCl electrode paste (GEL101; Biopac 
Systems) in conjunction with the electrodes. A constant 0.5‐V signal was applied across the two electrodes.   
 
4  Skin conductance comprises tonic activity (Skin Conductance Level, SCL) and phasic activities (Skin 
Conductance Responses, SCR) (Boucsein et al. 2012). Tonic SCL gives the basic level of skin conductance and 
indicates the general skin conductance prior to exposure to a specific stimulus (Dawson, Schell, and Filion 1990). 
On the other hand, phasic SCR is a marker of activation and nervous excitation in response to the presentation of a 
certain stimulus. SCR has been identified to be more relevant for the trait of sensation seeking, as opposed to the 




revealed. Here, participants’ SCR was recorded for the duration of the entire video as a measure 
of engagement strength.  
Voice-recording section (Dependent Variable 2: SCR to recalled VR). In addition to SCR 
to VR in real time, I tested if high sensation seekers show greater SCR while recalling their VR 
experience. Past research suggests that an intense experience results in SCR increase even when 
people recall and discuss the experience later (Pennebaker, Hughes, and O’Heeron 1987). 
Participants were asked to describe their VR experience, and their feelings and thoughts during it 
into a voice recorder for 120 seconds, during which their SCR was recorded. 
Online questionnaires. Participants removed the physiological sensors and answered a 
few questions about their experience on a computer. I asked the participants to guess, in seconds, 
how long they believed the VR experience was to derive another measure of engagement 
strength. This question was based on prior research that intense task engagement alters people’s 
sense of time such that they perceive time as passing more quickly than it actually did (Gable 
and Poole 2010; Sackett et al. 2010). I also measured mood by asking the participants to 
complete the 20-item PANAS scale (Watson, Clark, and Tellegen 1988). They then answered 
demographics questions, reported their past VR experience, and any nausea. See Appendix D for 
survey materials.  
4.2 Results 
I discuss my focal dependent variables (e.g., SCR to VR, perceived time) here. Analyses 
on all other measures, including participants’ self-reports on a scale on their subjective arousal 
level (Thayer 1978), are available in Appendix E. A threshold criterion of 0.01 μS was applied to 
determine participants’ SCR to a stimulus (Braithwaite et al. 2013, pp. 15-25). Following 
standard procedure set by previous psychophysiology research (Fowles et al. 1981; Benedek and 
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Kaernbach 2010; Boucsein 2012, pp. 183-186), eight trials that did not reach this threshold or 
contained excessive electrodermal artifact prior to presenting VR stimulus were excluded from 
analyses, resulting in the final sample of 114 participants (62.4% female, Mage = 23.6)5. 
Baseline Skin Conductance Level (SCL). Results found no difference in the baseline SCL 
prior to the presentation of VR video, as a function of sensation seeking (b = .23, SE = .18, 
t(112) = 1.31, p = .194). This is consistent with past sensation seeking research (Neary and 
Zuckerman 1976; Stelmack et al. 1983; Zuckerman 1990) that reported that high and low 
sensation seekers do not differ in their baseline SCL during a rest period.  
Dependent Variable 1: SCR to current VR. Consistent with my prediction, I found that 
participants’ chronic sensation seeking tendency (M = 3.99, SD = .92) positively predicts their 
SCR (M =1.59, SD =1.34) to a stimulating VR experience (b = .45, SE= .13, t(112) = 3.46, p = 
.001). This suggests that high sensation seekers experience the same thrilling virtual stimulus 
more intensely by actively engaging with it, compared to low sensation seekers. 
Dependent Variable 2: SCR to recalled VR. Similar to the finding above, participants’ 
sensation seeking score positively predicted SCR during the voice-recording task (M = 2.46, SD 
= 1.88) in which they had to recall and describe their VR experience (b = .48, SE= .19, t(112) = 
2.57, p = .012).  
Perceived time. Based on my hypothesis that high sensation seekers engage with a 
stimulating VR experience intensely, I predicted that people’s sensation seeking score would 
 
5 Skin conductance data were relayed to a Biopac electrodermal response amplifier, model GSR100C, and a 16-bit 
A/D converter (MP150, Biopac System, Inc., Goleta, CA); signals were digitized at 1000 Hz. Off‐line, skin 
conductance was submitted to a 0.5‐Hz high‐pass filter, and visually inspected. All data were initially saved in 
Acqknowledge acq. formats and were then exported in Excel file for further analyses. Participants’ physiological 
response to each of the different phases of the study (i.e., VR experience and voice-recording) were determined by 
the amplitude of phasic SCR, consistent with previous studies in consumer neuroscience and psychophysiology 
(Akinola 2010; Boucsein et al. 2012).  
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negatively correlate with the perceived duration of the stimulating VR video. As expected, 
compared to low sensation seekers, high sensation seekers perceived that the VR experience 
went by faster (b = -1075.53, SE = 506.44, t(112) = -2.12, p = .036). 
Voice data. As an additional analysis on the strength of engagement in VR, I coded 
participants’ voice-recording data (i.e., description of their VR experience) on various 
dimensions such as how vivid, sensorially rich, and detailed they were (𝛼 = .86), with the help of 
two research assistants. Intercoder reliability was .80. Participants' sensation seeking score did 
not affect the level of experience intensity expressed in their verbal descriptions	(b = .135, SE = 
.15, t(109) = .906, p = .367). These auxiliary results are discussed in Appendix F. 
Nausea and prior VR experience. I found that on average, the participants experienced 
low levels of nausea during their VR experience (M = 2.32 out of 7, SD = 1.77). When I added 
nausea and prior VR experience as covariates into the regression, the sensation seeking score 
predicted higher SCR to current VR (p = .002), while nausea (p = .999) and prior experience (p = 
.291) did not. Similarly, the sensation seeking score predicted higher SCR to recalled VR (p 
= .027) while nausea (p = .749) and prior experience did not (p = .287). 
Mood. I quantified positive mood as the difference between the positive and negative 
mood (Diener et al. 2010; Berger and Milkman 2012). Sensation seeking score did not predict 
participants’ positive mood (b = .057, p = .569). In addition, the correlation between sensation 
seeking score and both of my SCR measures remained significant when I controlled for positive 
mood as a covariate (ps < .004). 
4.3 Discussion  
Results from Study 2 show that high sensation seekers display greater engagement with 
the same VR stimuli compared to low sensation seekers. High sensation seekers show greater 
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SCR to the same stimulating VR video compared to low sensation seekers and report lower 
perceived duration of the VR video, suggesting that consumers’ need strength impels need 
satisfaction in VR by increasing their engagement. This is consistent with past findings that 
people’s sensation seeking level is predictive of their phasic SCR to high-arousal stimuli (Neary 
and Zuckerman 1976; Zuckerman 1990). High sensation seekers, with strong need strength, tend 
to satisfy the sensational needs more effectively during stimulating VR because they actively 
engage with the VR and experience it more intensely than low sensation seekers do.  
  One may question whether the finding is due to high sensation seekers’ active pursuit of 
strong sensations, or low sensation seekers’ defense against them. Past research has identified 
two types of psychophysiological responses to a stimulus—an orienting reaction that pushes 
people close to a given stimulus, and a defensive reaction that makes people avoid an 
overwhelmingly intense stimulus (Graham 1979; Bradley et al. 2001). Results suggest that the 
stimulating VR content used in my research engenders the former. This is because the VR video 
was considered a positive stimulus experience—the participants reported that the VR video made 
them feel excited (M = 3.83 out of 5, SD = .77) and stimulated (M = 4.52 out of 7, SD = 2.48), 
and they perceived the VR video as significantly more positive than negative (Mpositive = 2.76, SD 
= .82, Mnegative	= 1.68, SD = .73, F(112) = 1547.33, p < .001). Thus, the participants recognized 
the VR video as a positive, rather than a negative, source of stimulation, which casts doubt on the 
idea that an intense experience of my VR video leads to overwhelming discomfort or anxiety. In 
addition, the anxiety-based explanation would predict that low sensation seekers undergo a more 
intense, palm-sweating VR experience than high sensation seekers do, showing higher SCR to 
VR. However, I find the opposite pattern in which high sensation seekers intensify their VR 
experience and actively orient toward it, resulting in greater SCR.  
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Also, the highly arousing and stimulating VR video used in Study 2 is motivationally 
relevant for high sensation seekers. A study by Smith and colleagues (1986) found that high 
sensation seekers manifested stronger orienting reaction only when the stimulus content was 
relevant to their interest. Specifically, sensation seeking tendency predicted greater SCR only 
when the participants were presented with auditory tones that continuously varied (vs. repetitive 
tones). Only in the condition where the stimuli were relevant and meaningful to the need for 
sensation did the authors find high sensation seekers to have “more excitable central nervous 
systems” and display greater arousal than low sensation seekers (Smith et al. 1986). For high 
sensation seekers, the stimulating content is relevant to their need for stimulation, motivating 
them to pursue it by actively engaging with it rather than avoiding it. In fact, high sensation 
seekers have been found to be non-reactive to weak stimulation and ignore it (Zuckerman 1990), 
whereas they become sensitive to high level of stimulation and investigate it further. The role of 
stimulus relevance in bolstering engagement is consistent with my definition of sensation 
seeking because engagement (as indicated by SCR) should increase only in response to need-
related stimuli.  
Lastly, participants’ verbal descriptions that complement my SCR data suggest that such 
orienting response to a thrilling VR may not be a result of a conscious act. Participants’ recall of 
their own VR experience was not sensitive enough to capture the real-time differences in their 
physiological response to VR. This suggests that people may have difficulty with consciously 
recognizing and interpreting how much they actually engage with a need-related activity. 
Auxiliary analyses on self-report measures (e.g., subjective feeling of arousal level during VR) 




Study 3: Field Evidence of the Negative Effect of Stimulating VR 
Among High Sensation Seekers  
 
Given the evidence from Study 2 that high sensation seekers achieve need satisfaction by 
amplifying their engagement during stimulating VR experience, Study 3 tests that after VR, 
there is a negative effect on these consumers’ desire for similar consumption experiences in 
reality. I test the hypothesis that stimulating experiences in VR subsequently inhibit high 
sensation seekers’ desire for stimulation in reality (H2). I conducted a 3-week-long field study at 
a “VR theme park”, a five-story commercial VR entertainment complex where consumers play 
multiple VR games. All VR games at the theme park are highly stimulating (e.g., bungee 
jumping, haunted house, shooting games) and immersive, with some game stations covering a 
full room-size space for team plays. For example, people sit on an actual swing that would rise 
and fall in synchrony with their virtual movements in VR. In another station, each player carries 
a gun and wears a motion-tracking vest so that their physical motions are directly reflected in 
VR. The VR theme park offers 10 tickets for different VR game packages that vary in price (M = 
$19.80), duration (M = 70 minutes), and number of games (M = 3.30 games). Details on the VR 
theme park and experimental setup are available in Appendix G. 
5.1 Method 
The independent variable was the time at which the dependent variables were measured: 
either before or after VR games (i.e., pre-VR or post-VR). All my target dependent variables 
measured the degree to which consumers desire stimulating consumption activities in reality. In 
the pre-VR condition, the participants answered my dependent variables before they played VR 
games; in the post-VR condition, the participants answered the same dependent variables after 
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they played VR games (see Figure 2).6 After all participants completed the sequence of surveys 
described in Figure 2, they returned to the experimenter and received payment. Because most 
participants (95%) came in pairs or in groups, I put each participant at different tables during the 
surveys. Two native Korean speakers translated the English survey into Korean for this study, 
and verbal instructions and the survey were given in Korean. The survey materials are available 
in Appendix H.  
 
Figure 2: Study 3 Experimental Procedure in a Chronological Order 
 
I gathered data on both weekdays and weekends by recruiting customers coming in on 
Tuesday, Friday, and Saturday over a period of 2 weeks at South Korea’s VR theme park. I 
recruited 297 participants who entered the VR theme park and agreed to participate in return for 
cash worth 10% of their ticket price. Twenty participants (6.7%) who did not complete the 
survey were excluded, resulting in a final sample of 277 participants (59% female; Mage = 26.2). 
 
6 The condition was assigned on a daily basis (i.e., all participants on the first Friday were assigned to the post-VR 
condition, and those on the second Friday were assigned to the pre-VR condition) rather than on a per-participant 
basis. This was done in order to enhance the experimenter’s control over the experimental procedure, which 





Since the participants are voluntary visitors to the VR theme park, they are likely to be high in 
sensation seeking tendency. I confirm this in my empirical analysis.  
On the ground floor, a staff member informed the ticket buyers that they could receive 
10% of their ticket price in cash if they completed a short survey. Customers who agreed to 
participate in the study (about 70% of all customers) were guided to the lounge area on the same 
floor where the experimenter was situated. The experimenter informed all participants that the 
survey consisted of two parts, and that only those who completed both parts would receive 
payment.   
Survey Part 1. Participants reported their time of arrival, gender, age and occupation. 
They also indicated which VR package they purchased, and how they came to the theme park 
from the following options: Walk-in, Internet search, Recommended by a friend, Social media, 
Other. Then, participants reported their chronic sensation seeking level using the following 
statements: (1) “I am a sensation seeking person”; (2) “I like to engage in exciting activities”; (3) 
“I sometimes like to do things that are a little frightening”; (4) “I would like to make friends in 
some of the ‘far-out’ groups like artists or ‘hippies’”; (5) “I often find beauty in the ‘clashing’ 
colors and irregular form of modern painting”; (6) “People should dress in individual ways even 
if the effects are sometimes strange” (1 =  Not at all descriptive of me, 7 = Very descriptive of 
me). I added the first two items as a direct measure of people’s need for sensation, and the last 
four items were retrieved from the original Sensation Seeking Scale (Zuckerman 1979). These 
modifications were made to shorten the length of the survey and to select items that were suitable 
43 
 
for Korean culture7. To disguise my focal hypothesis, these items were inserted along with filler 
personality question items.  
All my dependent variables were aimed to measure one’s desire to find stimulation via 
actual consumption. Depending on whether a participant was assigned to the pre-VR or post-VR 
condition, the following dependent variables were either embedded in survey Part 1 or Part 2. 
Dependent Variable 1 (relative preference for stimulating consumption activities). 
Participants reported their relative preference between two consumption opportunities that were 
either low or high on stimulation, positioned at each end of seven-point scales (-3 = definitely 
prefer the calm consumption option, 0 = neither or both equally, +3 = definitely prefer the 
stimulating consumption option). For each of the five consumption categories, I presented two 
sets of options (10 sets in total; a = .69). Specifically, they were (1) leisure activity: walking tour 
of a forest trail vs. bungee jumping; peaceful meditation vs. haunted house, (2) travel package: 
indoor spa vs. outdoor adventure; trip to a widely known place vs. trip to a novel and unknown 
place, (3) concert: ballad vs. dance music; acoustic music concert vs. Electronic Dance Music 
(EDM) concert, (4) exercise: still exercise like yoga vs. exciting but dangerous sports, indoor 
gym vs. extreme sports, and (5) beverage: still water vs. sparkling water; chamomile tea vs. 
citrus-ade.  
Dependent Variable 2 (choice of mystery candy). After the participants completed the 
dependent variable 1, they were told that they would receive a small gift as a token of 
appreciation for taking the survey. They were asked to choose one of the two candy bags: the 
first bag contained a mystery candy of unknown flavor (stimulating choice), and the second bag 
 
7 For example, some items in the original scale have no direct translation in Korean (e.g., I like to dive off the high 
board; I enjoy the company of real “swingers” (people who are uninhibited and free about sex)), and some items 
carry a different cultural meaning in South Korean culture (e.g., I have tried marijuana or would like to). 
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contained fruit flavor candy (non-stimulating choice). They were further informed that the 
mystery candy option may taste very good, or it may taste very bad. The participants in the pre-
VR condition received the candy upon submitting survey Part 1, whereas those in the post-VR 
condition received the candy upon submitting survey Part 2. In both conditions, the experimenter 
presented the candy bags and handed out the bag that the participants chose (see Figure 3)8.  
 
  
Figure 3: Presentation of Candy Options in Study 3 
 
NOTE.— Mystery candy (left) was put in an envelope labeled “?”, while fruit candy (right) was put in an 
envelope labeled “fruit flavor” in Korean. 
 
Dependent Variable 3 (choice of risky lottery). Lastly, participants were told that they 
could receive one of the two lotteries for their next visit to the VR theme park. Two options were 
given: lottery to win a $35 ticket with a 5% chance to win (risky choice) or lottery to win a $7 
ticket with a 40% chance to win (safe choice).  
After completing Part 1, all participants submitted the survey to the experimenter, and 
they played VR games at various stations located on the second to fifth floors of the theme park.  
Survey Part 2. The second part of the survey was conducted after the participants 
completed all VR games and returned to the experimenter. The participants in the post-VR 
 
8 This choice of mystery candy paradigm resembles that from a past research on consumers’ curiosity (Isikman et al. 
2016) and need for high stimulation (Steenkamp and Baumgartner 1992).  
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condition answered the dependent measures described above as part of survey Part 2. The 
participants in both the pre-VR and post-VR conditions indicated their general satisfaction with 
the theme park visit on a seven-point scale, which included items like how positive their 
experience was and how much they would recommend the experience to others (a = .89). They 
then reported whether they had been to other VR theme parks, wrote comments about their 
experience, and received payment. 
5.2 Results  
Sensation seeking. Participants’ responses to all six items on the scale (𝛼 = .76) were 
averaged to compute their sensation seeking tendency. To confirm that I recruited high sensation 
seekers at the VR theme park, I also recruited a separate sample of 59 South Korean subjects 
who did not visit the theme park (42% female, Mage = 27.0) and measured their sensation seeking 
tendency to derive a general population mean. Indeed, my participants at the theme park had 
greater sensation seeking tendency than average South Korean subjects (MVR = 4.51, SD = 1.09, 
MControl = 3.79, SD = 1.34, p < .001). Among my participants, there was no difference in 
sensation seeking score depending on the pre-VR versus post-VR conditions (p = .122).  
Given that the participants in the VR theme park are high sensation seekers, I predicted 
that those in the post-VR condition would exhibit lower desire for stimulating consumption 
activities in reality than those in the pre-VR condition.  
Dependent Variable 1 (relative preference for stimulating consumption activities). I 
averaged participants’ responses to all five consumption categories (leisure, travel, exercise, 
concert, and beverage) to create an overall preference for stimulating consumption activities. 
Participants had lower desire for stimulating consumption after they had already played 
stimulating VR games than before (Mpre-VR = .70, Mpost-VR = .05 on a -3 to +3 point scale, F (1, 
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275) = 18.25, p < .001, Cohen’s d = .55). I also performed analyses on the five categories 
separately. Participants in the post- (vs. pre-) VR condition preferred the stimulating options less 
across all consumption categories except for one (leisure: p < .001; travel: p < .001; concert: p 
= .670; exercise: p = .002; beverage: p = .056). The results for each consumption category are 




Figure 4: Relative Preference for Stimulating Consumption Compared to Non-Stimulating 
Consumption as a Function of Playing Stimulating VR Games in Study 3 
 
 
 Dependent Variable 2 (choice of mystery candy). After playing stimulating VR games, 
the percentage of participants (all high sensation seekers) who sought stimulation by choosing 
the mystery candy option significantly decreased from 66.9% (pre-VR) to 47.8% (𝜒!	= 10.07, p 
= .001, w = .191).  
Dependent Variable 3 (choice of risky lottery). After playing stimulating VR games, the 
percentage of participants who sought stimulation by choosing the riskier lottery option 
decreased marginally from 64.5% to 54.1% (𝜒!	= 3.01, p = .083, w = .029). 
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I examined whether the above pattern of results holds after controlling for other variables. 
For all three of my dependent variables, VR’s main effect remained significant (ps < .032) after I 
controlled for the following covariates: participants’ age, ticket price, and the day of the survey 
(Tues/Fri/Sat). In addition, I tested if the effect of VR on my three dependent variables is 
moderated by whether it was the participant’s first time visiting a VR theme park or not. Having 
previous VR theme park experiences did not interact with VR to influence any of my three 
dependent variables (VR × first time interaction, ps > . 496). These results rule out potential 
concerns that the negative effect of stimulating VR on the subsequent desire for stimulation only 
holds for those who are relatively new to VR. Lastly, the participants had a satisfactory 
experience at the theme park across the pre-VR and post-VR conditions (Mpre-VR = 1.34, Mpost-VR 
= 1.61 on a -3 to +3 point scale, p = .144). 
5.3 Discussion 
 Study 3 tested the negative, inhibitory effect of stimulating VR experiences among high 
sensation seekers (H2) at an actual VR theme park in South Korea, one of the leading hubs in the 
global VR entertainment and content market (Stout 2019). The visitors to this theme park were 
high sensation seekers compared to average South Korean subjects, supporting the general belief 
that stimulating VR content is intended to, and does, particularly appeal to the target segment of 
consumers who actively seek out stimulation. In order to test the effect of VR, I asked these 
theme park visitors to indicate their preference for real-world stimulating consumption activities, 
either before or after VR. Across all my dependent variables, I found that providing stimulation 




Importantly, results from Study 3 suggest that my observed effect is not stimulus-
specific, such that it occurs even when the virtual and physical experiences involve different 
sensory systems (e.g., visual and auditory stimuli in VR games and gustatory stimulus in real-life 
candy choice). This casts doubt on the possibility that the observed effect is driven by sensory 
fatigue (Sherrington 1906). If the effect occurs because sensation seekers are desensitized to 
intense visual and auditory experience from VR games, then the stimulus-specific sensory 
fatigue should have only lowered their desire for visual and auditory stimulation, but not their 
desire to taste the potentially spicy and sour candy.  
One viable possibility is that I observed the negative effect of VR because high sensation 
seekers in the pre-VR condition temporarily boosted their desire for stimulating consumption due 
to the prospect of playing exciting VR games, and not because those in the post-VR condition 
reduced their desire. To test this, I compared the desire for stimulating consumption (i.e., 
dependent variable 1) reported by the participants in the pre-VR condition and that reported by 
high sensation seekers who were not anticipating any stimulation9. Their responses were not 
significantly different from each other (Mpre-VR = 0.70, MBasline = 0.63 on a -3 to +3 point scale, p 
= .804). This result weakens the possibility that the observed effect occurs because the 
anticipation of playing exciting VR games at the theme park increases sensation seekers’ 
momentary desire for stimulating things. Rather, the effect is driven by VR users’ reduction of 
desire. 
 
9 Thirty-seven South Korean subjects who were recruited online reported their sensation seeking tendency and 
answered my dv 1, because other dvs (lottery to win VR theme park ticket, candy choice) were either associated 
with the theme park or infeasible online. I used 22 subjects who scored higher than 4.51 on sensation seeking as the 




While Study 3 confirmed H2, the broad array of games offered at the VR theme park and 
the lack of experimental control in a natural setting leaves open the possibility of potential 
confounds and unobserved effects. Also, the nature of voluntary participation cannot fully rule 
out selection bias such that those who agreed to complete the survey differed from others at the 
theme park in systematic ways. In the next chapter, I report a study in a controlled lab setting 
with the following changes. First, I ensure that the participants’ VR experience remains constant 
by using the same video content across all conditions. Second, I clarify the effect of VR by 
manipulating whether this video is experienced through a VR headset or not, thus providing a 
clear control (non-VR) condition. Third, I recruit participants across varying levels of sensation 
seeking tendency to test my hypothesis that the negative effect of VR does not extend to low 

















Study 4: Experimental Evidence of the Negative Effect of 
Stimulating VR Among High Sensation Seekers  
 
So far, the experiments have demonstrated that having a strong (vs. weak) need for 
sensation facilitates need satisfaction by increasing people’s motivated engagement with 
stimulating VR (H1), and as a result of need satisfaction, high sensation seekers inhibit their 
desire for real-world stimulating consumption after stimulating VR. The goal of Study 4 is 
twofold. First, I aim to directly test the negative effect of VR by keeping constant the content 
(i.e., video) consumed, while manipulating whether it is delivered through VR or non-VR mode. 
Second, I aim to demonstrate the importance of VR users’ need strength by testing that VR’s 
negative effect is observed among high, but not low, sensation seekers. I predict that high, but 
not low, sensation seekers who undergo a stimulating VR (vs. non-VR) experience lower their 
desire for stimulating consumption in reality (H2). To test this prediction, I ask all participants to 
watch the same video of an Electronic Dance Music (EDM) festival either using a VR headset or 
not, and I measure their subsequent willingness to download the same genre of music to their 
actual playlist. This experimental design also aims to test and rule out alternative explanations. 
First, I test if an EDM festival experienced through VR (vs. non-VR) makes high sensation 
seekers enjoy the festival less, which spills over to their low desire to download EDM in reality. 
Second, I test if VR’s negative effect occurs by altering sensation seekers’ self-perception of 
being an exciting person, rather than satisfying their need for sensation. 
6.1 Method 
Two hundred twenty-five participants (68% female, Mage = 23.6) from Columbia 
Business School BRL were recruited for a lab study called Video Clip survey. I manipulated 
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viewing condition (VR vs. non-VR) and measured sensation seeking. Participants watched a 4-
minute video about TomorrowLand, one of the largest EDM festivals in the world 
(https://www.youtube.com/watch?v=j81DDY4nvos). The video offers a 360-degree view of the 
festival. As EDM plays in the background, the perspective of the viewer traverses multiple 
indoor and outdoor spots at the festival, moving from the campsites where festival-goers eat, 
sleep, and mingle, to the different stages and DJ booths, and to the middle of a wild, raving 
crowd. The video spans a full day at the festival.       
 
 
Figure 5: Video-Watching Procedure in VR Condition (5A) and Non-VR Condition (5B)  
in Study 4 
 
Participants were randomly assigned to either the VR condition or the non-VR condition. 
The participants in the VR condition were given a VR headset with a smartphone inserted in it, 
so that they could watch the festival video through the VR headset, hands-free. In this condition, 
the video was shown in VR mode, such that the screen split into two smaller 
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stereoscopic versions of the scene (Figure 5A). The participants in the non-VR condition 
watched the same video while holding the smartphone in their hands. The smartphone screen did 
not split into two (Figure 5B). In both conditions, the participants were encouraged to physically 
move around the lab space and look in all directions by moving the smartphone (non-VR 
condition) or turning their head (VR condition).  
After the video, the participants indicated their attitudes toward TomorrowLand festival 
by indicating (1) how much they liked the festival, (2) how much they enjoyed watching the 
festival, (3) how much they would recommend TomorrowLand to others, and (4) how willing 
they are to learn more about TomorrowLand (a = .94, 1 = Not at all; 7 = Very much). Responses 
were averaged to a composite score for festival attitude.  
Then, I measured participants’ desire to download EDM to their actual playlist. All 
participants were told that the researchers were randomly selecting lottery winners to receive a 
gift card that could later be used to download music from a streaming service of their choice. I 
next asked participants to report their desire to download each of the 8 musical genres onto their 
playlist (e.g., Classical, EDM, Hip-Hop, Jazz, R & B) by allocating 100 points. The focal 
dependent measure was points allocated to download EDM. 
To explore VR’s impact on consumers’ self-perception, I measured how much the 
participants perceived themselves as wild and exciting, a type of self-identity that fits with a 
usual EDM festival-goer. I asked the participants to indicate how much the following 
characteristics describe who they are on a seven-point scale (1 = Not part-of-myself, 7 = Very 
much part-of-myself): (1) wild, (2) exciting, (3) youthful, (4) spontaneous, (5) intelligent, (6) 
sentimental, (7) elegant. The first four items were my target items to measure the festival-related, 
exciting self-perception (a = .83), while the remaining three items served as fillers.   
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All participants next completed a modified version of the Sensation Seeking Scale 
(Zuckerman 1979). To alleviate the task load on my respondents, I shortened the original scale 
from 40 to 18 items (a = .86), as has been done in previous research (Wahlers, Dunn, and Etzel 
1986).  
I also measured potential confounding factors. Specifically, the participants indicated 
whether they had used a VR device in the past (1= Yes, I have used it before; 2 = No, it’s my first 
time) and how much they experienced nausea (1 = Not at all; 7 = Very much). A suspicion check 
and demographic questions were asked at the end. The survey materials are available in 
Appendix I. 
6.2 Results 
Three participants who said they did not believe there was actually going to be a gift card 
(i.e., my dependent measure) were excluded from the analyses, leaving a total of 222 participants 
(67% female, Mage = 23.6). The results remained consistent when these participants were 
included in the analyses. The use of VR did not influence participants’ sensation seeking score, 
suggesting that VR and the sensation seeking score can be used as separate predictor variables in 
my subsequent analyses. 
Desire to download EDM. The points given to EDM on the 100-point allocation scale 
were highly skewed (M = 13.78, SD = 21.29), so I first submitted my dependent variable to a 
natural log transformation to normalize the distributions before submitting it to analysis (Chae 
and Zhu 2013; Park et al. 2014). Linear regression was conducted using the viewing condition (-
1 = non-VR, 1 = VR), mean-centered sensation seeking score (M = 3.45, SD = .67), and their 
interaction to predict the allocated percentage points for EDM music. The analysis revealed a 
significant interaction between sensation seeking score and use of VR (b = -.31, SE = .16, t(218) 
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= -1.98, p = .049, Cohen’s q = .254). There was a significant main effect of sensation seeking 
tendency (b = .44, SE = .16, t(218) = 2.77, p = .006), but the effect of VR (b = -.14, SE = .10, 
t(218) = -1.38, p = .169) was not significant (see Figure 6)10.  
 
 
Figure 6: Desire to Download Electronic Dance Music (EDM) as a Function of Sensation 
Seeking Tendency and VR Use in Study 4 
 
 
Next, I applied the Johnson-Neyman procedure to identify regions of significance of the 
effect of VR (Spiller et al. 2013) across different levels of the sensation seeking score. There was 
a significant effect of VR at and above 3.68 on the sensation seeking score (on a five-point scale: 
b = -.22, SE = .11, t(218) = -1.97, p = .05). Among high sensation seekers, those who used VR 
(vs. non-VR) to experience an EDM festival were less likely to choose to download EDM onto 
their actual playlist. However, among low sensation seekers, there was no difference between the 
VR and non-VR condition on their subsequent desire for EDM in reality.  
 
10 I repeated the analyses with EDM preference before normalization. The results of these analyses are similar to 
those reported above. In particular, the interaction between sensation seeking and VR (b = -4.95, SE = 2.16, t(218) = 
-2.28, p = .023) became stronger, whereas the main effect of sensation seeking (b = 3.62, SE = 2.16, t(218) = 1.67, p 
= .096) became slightly weaker. 
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Festival attitude. One possible mechanism for VR’s effect is using VR lowers high 
sensation seekers’ attitude toward the festival itself, which spills over to a reduced desire for 
similar music in reality. To test this alternative account, I examined if high sensation seekers 
enjoyed the festival less in VR (vs. non-VR), which may attenuate their desire to download 
EDM. When I submitted VR, mean-centered sensation seeking score and their interaction to a 
regression analysis to predict festival attitudes, I found a significant main effect of sensation 
seeking (b = .80, SE = .16, t(218) = 5.12, p < .001) but no significant interaction between VR 
and the sensation seeking score (interaction p = .202). In fact, high sensation seekers enjoyed the 
EDM festival more than low sensation seekers, both when the festival was in VR (b = .60, SE 
= .20, t(218) = 2.97, p = .003) and non-VR (b = 1.00, SE = .24, t(218) = 4.20, p < .001). This 
suggests that the negative effect of the VR festival on high sensation seekers’ subsequent desire 
to download EDM is not due to their negative attitude toward the festival itself.   
Self-perception. It is also plausible that VR may alter how users perceive themselves. 
However, my analysis revealed that self-perception does not explain the results. VR (vs. non-
VR) did not alter participants’ self-perception on the traits expected of a typical EDM festival-
goer—a person who is wild, youthful, spontaneous, and exciting (MVR = 4.41, SD = 1.21 vs.  
Mnon-VR = 4.54, SD = 1.12; F(1, 220) = .63, p = .428). Furthermore, experiencing the EDM 
festival in VR (vs. non-VR) did not impact self-perception differentially, depending on whether 
they were high or low sensation seekers (interaction p = .776).  
Nausea and prior VR experience. On average, the participants experienced low levels of 
nausea (M = 1.90 out of 7, SD = 1.53). Despite the low average in general, those in the VR 
condition experienced relatively more nausea than those in the non-VR condition (MVR = 2.17, 
SD = 1.70 vs.	 Mnon-VR = 1.63, SD = 1.31; F(1, 220) = 7.27, p = .008). In the main analysis, the 
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VR × sensation seeking score interaction remained significant (p = .046) even after controlling 
for nausea. The interaction also remained significant (p = .050) after controlling for prior 
experience with VR. 
6.3 Discussion 
In this lab study, the participants were randomly assigned to either the VR or the non-VR 
condition and watched the same video of a stimulating EDM festival. Consistent with my 
hypothesis (H2), I found that high sensation seekers who experienced a VR (vs. non-VR) EDM 
festival were less willing to download EDM to their actual playlist. I did not find this tendency 
among low sensation seekers. My finding was robust even after controlling for nausea and 
familiarity with the VR device. Furthermore, this finding was not explained by VR’s effect on 
consumers’ attitude toward the festival itself or by changes in people’s self-perception.  
 So far, I have demonstrated the negative effect of stimulating VR such that high, but not 
low, sensation seekers lower their desire for stimulating consumption in reality after having 
undergone a stimulating experience in VR. The next study aims to directly test the need 
satisfaction process underlying this effect. In particular, Study 5 uses a mediation-through-
moderation approach and demonstrates that the negative (inhibitory) effect of stimulating VR 













Chapter 7:  
Study 5: Experimental Evidence of High Sensation Seekers’ Need 
Satisfaction in VR  
  
A clear evidence of need satisfaction is the inhibition of a fulfilled need while other 
unrelated needs remain active (Lewin 1951; Marsh, Hicks, and Bink 1998; Liberman and Förster 
2000; Förster, Liberman, and Higgins 2005). In Study 5, I aim to demonstrate such selective 
inhibition of high sensation seekers’ desire for stimulating ads and products—but not for calm 
ads and products—after a thrilling VR, indicating that the negative effect occurs because of need 
satisfaction in VR.  
Study 5 establishes mediation through moderation by varying the degree to which the 
stimulation level of a VR experience and that of an actual consumption experience overlap. 
When both the virtual and actual experiences are highly stimulating (i.e., related to sensation 
need), I expect high (vs. low) sensation seekers to lower their desire for stimulating consumption 
experiences in reality because they will have already satisfied their need for strong sensations in 
VR. However, when reality offers a novel consumption experience that is non-stimulating (i.e., 
unrelated to sensation need), VR’s negative effect on these consumers’ desire will diminish (H3). 
Therefore, the overall prediction is a three-way interaction between the use of VR, the sensation 
seeking tendency, and the stimulation level of real-world product experiences as advertised by a 
brand. The key dependent variables were ad and product evaluation.   
Study 5 also aims to test other alternative accounts. One may argue that because high 
sensation seekers pursue such exhilarating activities, they are more motivated to build a strong 
“experiential CV” by collecting unusual and unique experiences (Keinan and Kivetz 2011). This 
is because VR contents tend to involve extraordinary events that people rarely if ever experience 
in daily life, as suggested in Study 1 (see Table 1). As a result, stimulating VR adventures can be 
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seen as a collectible experience over which people have a sense of ownership. This alternative 
account would predict that high sensation seekers perceive a greater sense of ownership over a 
thrilling VR experience compared to low sensation seekers, which then reduces their desire to 
have another exciting experience in real life. I rule out this explanation for my observed effect. 
7.1 Method 
Study 5 employs a 2 (viewing condition: VR vs. non-VR) × 2 (subsequent ad framing: 
stimulating vs. non-stimulating) × continuous sensation seeking score design. Two hundred 
eighty-nine student participants (Mage= 22.7, 64% female) from the Columbia Business School 
BRL pool were recruited. Similar to Study 4, the participants either did (VR condition) or did not 
use the VR headset (non-VR condition) to watch the same 360-degree video. The 2-minute video 
was filmed from a first-person view of a virtual self who is jumping off a 400-foot canyon on a 
single rope, creating a sense that the participants themselves are jumping 
(http://www.discoveryvr.com/watch/gillette-canyon-swing). In the video, two people set up the 
gear on the virtual self’s body while encouraging the self who says, “Are you sure this is 400 
feet? I don’t know if I can do this.” Then, the virtual self takes a big leap into the air, flying 
through the 400ft canyon on the rope swing. The video ends with the virtual self, shouting in 
relief and excitement, “That was amazing! It’s beautiful in here! Wow.”  
After the video, the participants were led to a marketing study where they saw an ad from 
a fictitious outdoor gear brand (see Appendix J). Depending on the condition, the participants 
saw an ad that either read, “Now adventure and excitement await” (stimulating ad), or “Now 
calm and peacefulness await” (non-stimulating ad). The stimulating ad promises to deliver high 
stimulation, whereas the non-stimulating ad promises a sense of serenity and peace to 
consumers. Then, all participants rated their attitudes toward the ad on three seven-point scales 
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(a = .95; dislike/like, unappealing/appealing, unfavorable/favorable). The three items were 
averaged to create an ad evaluation index that served as my first dependent measure. As a 
manipulation check of my ad framing, the participants rated how excited the ad made them feel 
from 1 (Very calm) to 5 (Very excited), and how effective the ad was from 1 (Not at all) to 7 
(Very much). 
Next, the participants evaluated three products from this brand—a headlamp, a sleeping 
bag, and a water bottle. Depending on the condition (stimulating vs. non-stimulating ad), these 
products were described in the ad as either meant for highly exhilarating activities (e.g., “perfect 
for trekking, cycling, hiking”; “up to 24 hours in the wildest places of the world”), or for less 
exhilarating and more everyday activities (e.g., “perfect for office use, school”; “keeping drinks 
hot or cold throughout your day”). Participants evaluated each of the products in comparison to 
other products on the market on four seven-point scales (lower/higher quality, lower/higher 
performance, less/more reliable, less/more stylish). Participants’ responses on the four evaluative 
dimensions made up their ratings for the brand’s headlamp (a = .58)11, sleeping bag (a = .67), 
and water bottle (a = .72). Participants’ ratings of all three products (a = .74) composed my 
second dependent variable, product evaluation. 
The following section was a supposedly unrelated “Who am I?” survey, similar to that 
used in Study 4. I asked all participants the degree to which they viewed themselves as an 
adventurer, a person with courage, a proactive person, a caregiver, a theorist and a nurturer on a 
scale from 1 (not part-of-myself) to 7 (very much part-of-myself). The first three items (a = .72) 
 
11 Owing to the low reliability of participants’ evaluation of the headlamp, I inspected alpha if item deleted for each 
of the three product dimensions and removed less/more reliable, resulting in a = .69. I find consistent results when 




were averaged to create a measure of the cliff jump-related self-perception as an adventurer 
(Weiss and Johar 2013), while other items served as fillers.  
I also measured participants’ sense of ownership over their VR experience by adapting 
the questionnaires used in prior literature (Peck and Shu 2009). Specifically, the following 
questions received responses on seven-point scales (1 = Not true at all; 7 = Totally true): (1) I 
felt like watching the video was my personal experience, (2) I felt like I have experienced being 
in the canyon myself, (3) I felt a high degree of ownership over this personal experience, (4) I 
felt as if I was actually in the canyon (a = .92). Participants then completed the same sensation 
seeking scale as in Study 4. I also measured whether participants had prior experience using any 
VR device and whether they felt nausea. A few demographic questions and suspicion checks 
were asked at the end. All survey materials are available in Appendix J. 
7.2 Results 
Twenty-two participants who reported that the brand’s ad was not at all believable were 
excluded from the analyses, leaving me with 267 participants (Mage = 22.7, 63% female). The use 
of VR did not significantly increase participants’ sensation seeking score (p = .550). Results 
were consistent when these participants were included in the analysis. 
 Manipulation check. As expected, the stimulating ad made the participants feel more 
excited than the non-stimulating ad (Mstimulating ad = 4.92, SD = .96 vs. Mnon-stimulating ad = 3.77, SD 
= 2.12; F(1, 265) = 33.05, p < .001). The difference in ad framing did not change how effective 
its message seemed (Mstimulating ad = 4.53, SD = 1.48 vs. Mnon-stimulating ad = 4.31, SD = 1.42; F(1, 
265) = 1.58, p = .210).  
Dependent Variable 1 (Ad evaluation). I predicted that a stimulating VR experience (i.e., 
virtual cliff jump) would lower high sensation seekers’ attitudes toward a stimulating ad, but not 
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toward a non-stimulating ad. This is because for high sensation seekers, the stimulating ad helps 
them satisfy the same need for excitement that has already been satisfied in VR. The stimulating 
consumption experience that is presented in the real-world ad could thus feel like a continuation 
of excitement from VR. I did not expect the negative effect to occur among low sensation 
seekers. To test this prediction, I conducted a regression analysis with the following variables as 
predictors: viewing condition (coded as -1 for non-VR condition, and 1 for VR condition), ad 
framing (coded as -1 for non-stimulating ad, and 1 for stimulating ad), mean-centered sensation 
seeking score (M = 3.51, SD = .63), each of the two-way interactions between these variables, 
and the full interaction among all three variables. As predicted, I found a significant three-way 
interaction between these variables (b = -.25, SE = .11, t(259) = -2.16, p = .032).  
Figure 7: Ad Evaluation as a Function of Sensation Seeking Tendency and Use of VR for 
Stimulating Ad (7A) and Non-Stimulating Ad (7B) in Study 5 
 
NOTE.—Dotted line fixed at a Johnson-Neyman point (sensation seeking score M = 3.65 for 7A). 
To explore the nature of this three-way interaction, I tested the simple interaction of VR 
and the sensation seeking score at each type of ad framing. Specifically, when the ad offers a 
stimulating real-world consumption experience after a stimulating VR cliff jump, I found a 
significant two-way interaction of VR × sensation seeking score (b  = -.35, SE = .16, t(259) = -
2.20, p = .028, Cohen’s q = .45). This pattern replicates the negative effect of VR from Study 4 
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(Figure 7A). In contrast, there was no significant interaction of VR × sensation seeking score 
when the ad offers a non-stimulating real-world consumption experience (b  = .15, SE = .17, 
t(259) = .89, p = .375, Cohen’s q = .04; Figure 7B). 
 Following on the interaction between the sensation seeking score and VR within the 
stimulating ad condition, a simple-effect analysis revealed a negative effect of VR. That is, 
providing stimulation in VR (vs. non-VR) significantly lowered ad attitude among high sensation 
seekers with the score of 3.65 and above (b = -.20, SE = .10, t(259) = -1.97, p = .05), but not 
among low sensation seekers (sensation seeking score below 3.65).  
Dependent Variable 2 (Product evaluation). I also predicted that a stimulating VR 
experience would reduce high sensation seekers’ product evaluation only when the products 
were advertised in a stimulating ad, but not in a non-stimulating ad. I found a significant three-
way interaction between VR, ad framing, and the sensation seeking score (b = -.18, SE = .09, 
t(259) = -1.96, p = .051).  
When the ad conveyed that the products were meant for highly stimulating activities, 
there was a significant interaction of VR × sensation seeking score (b = -.26, SE = .13, t(259) = -
2.02, p = .045, Cohen’s q = .15) on product evaluation. In contrast, there was no significant 
interaction of VR × sensation seeking score when the products were meant for less stimulating, 
more everyday activities (b = .11, SE = .14, t(259) = .79, p = .430, Cohen’s q = .09).  
Following on the interaction between the sensation seeking score and VR within the 
stimulating ad condition, a simple-effect analysis revealed that stimulating VR significantly 
reduced product evaluation among high sensation seekers who scored 3.44 and above (b = -.16, 
SE = .08, t(259) = -1.94, p = .05) but not among low sensation seekers (score below 3.44).  
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In sum, results show that high sensation seekers who had already gone through a 
stimulating VR (vs. non-VR) experience subsequently reduced their desire for a real-world 
consumption opportunity only when it also appealed to their need for high sensation. Among 
high sensation seekers, this negative effect of VR diminished when the subsequent consumption 
opportunity was non-stimulating. Importantly, results support that only high—but not low—
sensation seekers’ need for sensation is satisfied during the stimulating VR experience.  
 Experiential ownership. One alternative account for my effect is that high sensation 
seekers feel greater ownership over their VR adventure, allowing them to cross off the VR 
experience from their “experiential CV” of collectible experiences. My analysis, however, 
revealed no difference in high sensation seekers’ experiential ownership over a VR (vs. non-VR) 
adventure (MVR = 3.70 vs.  MNon-VR = 3.81; p = .540). A regression analysis using VR and the 
sensation seeking score also revealed no interaction between the two variables (p = .887). 
Self-perception. The participants in the VR condition did not perceive themselves as 
being more adventurous than those in the non-VR condition did (MVR = 5.13, SD = .92 vs.  MNon-
VR = 5.14, SD = 1.08; F(1, 265) = .01, p = .925). Furthermore, I did not find an interaction 
between VR and the sensation seeking score (p = .551). There was also no difference between 
the two conditions in other filler self-perception items (ps > .219). 
 Nausea and prior VR experience. In general, the participants experienced low levels of 
nausea (M = 2.03 out of 7, SD = 1.39). Yet, the participants in the VR condition did experience a 
slightly higher level of nausea than those in the non-VR condition (MVR = 2.20, SD = 1.52 vs.  
MNon-VR = 1.85, SD = 1.22; F(1, 265) = 4.11, p = .044). When I used nausea as a covariate in the 
main analysis, the three-way interaction was significant (p = .032), while nausea as a covariate 
was insignificant (p = .967). I also used prior experience as a covariate, and the three-way 
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interaction remained significant (p = .034), while the effect of prior experience was insignificant 
(p = .623).  
7.3 Discussion  
In Study 5, I demonstrate that high sensation seekers lower their desire for stimulating 
consumption in reality after achieving need satisfaction from stimulating VR. Because they 
satisfied their need for sensation in VR, high sensation seekers then showed an aversive response 
to a subsequent ad and products if they were also stimulating rather than non-stimulating. Stated 
differently, the extent to which the virtual and actual experiences satisfy consumers’ overlapping 
needs—the need for high sensation in my case—determines VR’s negative effect on consumers’ 
decision. This finding applies to both consumers’ evaluation of an ad as well as the advertised 
















Study 6: Field Evidence of the Negative Effect of Calm VR Among 
Highly Mindful Consumers 
 
So far, by using thrilling VR contents that target consumers with strong needs for 
exciting sensations (i.e., high sensation seekers), I have found that consumers engage intensely 
with the need-related VR experience to satisfy their need, and end up reducing their desire for 
similar, need-related experiences in reality as a result of need satisfaction. To test the 
generalizability of this need satisfaction account, I turn to a VR content that is not particularly 
stimulating and targets consumers with a strong need for cogitation and composure. If VR’s 
negative effect occurs due to a general need satisfaction process that spans across diverse 
consumer needs, I expect to find a similar effect when “flipping” the conceptualization such that 
those with stronger needs for calmness (i.e., high in mindfulness) will reduce their subsequent 
desire for calm consumption experiences after a mild VR (H4). The first goal of Study 6 is to test 
this prediction.  
To test this, I recruited visitors at the “VR center” at the National Museum of Korea that 
offers various VR experiences related to Korean history, artifacts, and the museum. All museum 
VR contents are mild and contemplative (e.g., guided tour of the museum storage and 
conservation center, or a visit to a historic temple). In the Museum Storage VR, for example, one 
could walk through the virtual museum storage, and take out and examine various life-size 
artifacts and national treasures in detail as the audio guide provides details about each object. I 
also confirmed that the museum VR users are high in dispositional mindfulness. 
Second, I aim to test the longevity of VR’s negative effect by investigating whether the 
reduced desire for calm consumption among highly mindful consumers persists over time. To 
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test this, I contacted the participants after a delay (2-3 weeks) and measured their desire for calm 
consumption activities. The third goal of Study 6 is to examine boundaries of the effect by 
testing the role of experience overlap in two ways. One type of overlap is a repetition of 
experience modality. That is, a mild museum VR may reduce consumers’ subsequent desire for 
calm real-world experiences, but it may increase their desire to try other calm VR experiences. 
To test this, I asked the museum VR users (who are high in mindfulness) their preference for 
another mild VR content. Another type of overlap is a repetition of the experience itself. Thus, I 
test if VR lowers people’s desire for a direct real-world counterpart to the VR experience (e.g., 
an actual visit to the same temple that was toured in VR). The VR center encourages people to 
go and see the artifacts featured in VR, by displaying a map of the current exhibitions that have 
these artifacts on display. It also provides information on the historic sites that serve as the 
background of the VR contents. Thus, I aimed to test if experiencing the museum VR content 
transfers to greater interest in the content as well as the museum in general.  
The last goal of Study 6 is to test an alternative explanation that the reason for the 
negative effect of VR is that people lack the experience and acumen needed to realize that VR 
experiences are not quite the same as real-world experiences. In case of the museum VR, this 
acumen refers to the degree of personal interest and familiarity with history museums (i.e., 
enduring involvement; Deng, Unnava, and Lee 2019). This account predicts that those who are 
highly involved with history museums and artifacts can appreciate the nuanced differences 
between virtual and real-world experiences related to the museum. If this alternative explanation 
were to hold, I would find that the consumers would still want to try in person what they had 
already experienced in VR. If these individuals reduce their desire, however, this account is 




This two-wave longitudinal study was conducted from March to April 2021. The first 
wave of the study was conducted at the museum VR center and the second wave was conducted 
online, 2-3 weeks after the participants’ visits (see Figure 8). The purpose of this follow-up study 
was to test the long-term effect of museum VR experience. Due to COVID-19, the VR center ran 
strictly on an appointment basis. All VR users were required to make an appointment online, and 
the VR center took only four people at a time for every 30-minute session. In each session, one 
person was limited to one VR experience. All experiences were free of charge. Details regarding 
the museum VR center and experimental setup are available in Appendix K, and the survey 
materials are available in Appendix L.  
Since the website that the participants use to make appointments shows detailed 
descriptions of all museum VR contents, these voluntary visitors to the VR center should have 
some dispositional trait that attracts them to, and makes them prone to engage with the VR 
experiences at the museum. Just as the thrilling games at a VR theme park attracted high 
sensation seekers in Study 3, I predicted that the mild and contemplative VR experiences at the 







Figure 8: Study 6 Experimental Procedure in a Chronological Order 
 
Wave 1 (Museum Survey) Procedure   
I recruited 148 adult visitors who agreed to participate in the study in return for a small 
gift. The experimental procedure for wave 1 replicated to that of Study 3. The independent 
variable was the time at which the dependent variables were measured: either before or after 
museum VR (i.e., pre-VR or post-VR). In the pre-VR condition, the participants answered the 
dependent variables before doing VR; in the post-VR condition, the participants answered the 
same dependent variables after finishing VR (see Figure 8)12. Here, the target dependent 
variables measure people’s desire for calm real-world consumption activities as well as calm VR 
content. Since the gift choice was one of my dependent variables, the participants received the 
gift either before the museum VR experience or after VR. Only one participant who did not 
 
12 The condition was assigned on a daily basis (i.e., participants on Wednesday, Thursday, and Friday were assigned 
to the pre-VR condition, and those on Monday, Tuesday, and Saturday were assigned to the post-VR condition) 
rather than on a per-participant basis. This was done to enhance the experimenter’s control over the experimental 
procedure, which involved varying the timing of gift presentation, and to minimize the possibility of contamination 
across the two conditions. Also, each condition included participants from the days when the VR center runs 
extended hours (Wednesday and Saturday). Participants in two conditions did not differ in their characteristics in 





complete the survey was excluded, resulting in a final sample of 147 participants (56% female; 
Mage = 38.7). 
Once the participants arrived and confirmed their reservation, they selected one of the 
four available museum VR contents (see Table 3). These were the same four options that were 
described on the VR center website where the participants made appointments.  
 
Table 3: Summary of Museum VR Contents 
 
Option Name Description Duration 
 
1 Conservation Lab VR Participants analyze and treat the 
deteriorations on works of art and artifacts in 
a virtual conservation lab 
15 min 
2 Museum Storage VR Participants get a virtual guided tour of the 
museum storage and explore collections of 
artifacts and national treasures 
20 min 
3 “Gameunsa” Temple 
VR 
Participants get a virtual guided tour of the 
Gameunsa temple and examine Buddhist 
sculptures and treasures found at the temple 
site 
20 min 
4 The World of Porcelain 
VR 
Participants examine the designs of Korean 
porcelain by seeing the historic “motifs” such 




Once the participants chose the VR content they wished to view, the staff informed the 
visitors of the opportunity to participate in an academic survey and receive a small gift in return. 
Visitors who chose to participate in the survey (90% of adult visitors) were guided to the 
experimenter, who informed all participants that the survey consists of two parts. 
 Survey Part 1. Participants reported the time of their VR session, gender, and age. Then 
the participants reported their dispositional mindfulness using the items adapted from prior 
research on mindfulness (Brown and Ryan 2003): (1) “I break or spill things because of 
carelessness, not paying attention, or thinking of something else”; (2) “When doing things, I stay 
very attentive to the activities and do not rush through them”; (3) “I am a calm person”. They 
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also indicated their involvement with history museums using the following statements: (1) 
“Visiting history museums means a lot to me”; (2) “I try to go to history museums a lot” (i.e., 
enduring involvement; Deng et al. 2019). Lastly, they indicated their sensation seeking level 
using the following statements: (1) “I am a sensation seeking person”; (2) “I like to engage in 
new exciting activities”; (3) “I sometimes like to do things that are a little frightening”; (4) “I 
don’t like things that are too stimulating”; (5) “People should dress in individual ways even if the 
effects are sometimes strange”. All items used the same scale (1 = Not at all descriptive of me, 7 
= Very descriptive of me). 
There were four dependent variables in total, aimed to measure one’s desire for calm 
experiences in VR or in reality. Depending on the condition, the following dependent variables 
were either embedded in Survey Part 1 (pre-VR condition) or Part 2 (post-VR condition). 
Dependent Variable 1 (relative preference for calm VR). Participants were told that the 
National Museum of Korea is planning to create new VR contents for future visitors, and they 
were asked to report their relative preference between two VR experiences that were either high 
or low on calmness. Responses were anchored at each end of seven-point scales (1 = definitely 
prefer stimulating VR, 4 = neither or both equally, 7 = definitely prefer calm VR). For example, 
the participants indicated their preference between “The Kaya Civilization’s Sword and String 
VR (keywords: #into_the_war, #exhilarating)” and “The Mountain and River of Korea VR” 
(keywords: #into_the_nature, #innerpeace)” (2 sets in total, a = .66). These items and the 
hashtag descriptions followed the format of how the museum advertised their existing VR 
contents. 
Dependent Variable 2 (relative preference for calm real-world consumption). 
Participants reported their relative preference between the two real-world consumption activities, 
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as in Study 3. Specifically, I used the following three consumption categories, (1) leisure 
activity: bungee jumping vs. walking tour of a forest trail; haunted house vs. peaceful meditation, 
(2) exercise: exciting but dangerous sports vs. still exercise like yoga, extreme sports vs. indoor 
gym, and (3) beverage: sparkling water vs. still water; citrus-ade vs. chamomile tea (a = .71; 1 = 
definitely prefer the stimulating consumption option, 4 = neither or both equally, 7 = definitely 
prefer the calm consumption option). Note that the anchors were reversed from the ones in Study 
3, so that a higher score indicated how much people preferred the calm option.  
Dependent Variable 3 (choice of non-stimulating gift option). Lastly, participants were 
told that they would receive a small gift as a token of appreciation for participating in the survey. 
Similar to the candy options in Study 3, the participants were asked to choose one of the two gift 
options: an unknown mystery gift (stimulating choice) or a colored notepad in the shape of a 
Korean porcelain (non-stimulating choice). The notepad was on display for all participants to see 
(see Figure 9). They were further informed that the mystery gift could turn out to be something 
they did not want or something much lower in price compared to the notepad. Participants in the 
pre-VR condition received the gift upon submitting survey Part 1, whereas those in the post-VR 
condition received the gift upon submitting survey Part 2.    
  





Dependent Variable 4 (willingness to try museum VR-related activities in reality). The 
last dependent variable measured people’s willingness to try real-world experiences that are 
highly comparable to museum VR. Participants were told that some of the historical objects and 
artifacts that appeared in the VR experiences are currently on display in museum exhibitions so 
they could see them in person. After indicating which of the four VR contents they experienced, 
participants reported how much they wanted to consume, in real life, what they had just 
consumed in VR (1 = Not at all, 7 = Very much). For example, those who experienced the 
“Gameunsa” Temple VR option were asked to indicate how much they wanted to visit 
Gameunsa in person, and those who experienced the Museum Storage VR option indicated how 
much they wanted to see the same artifacts on display at the museum. As an additional measure 
of people’s desire for museum-related activity, participants indicated how many of the 12 current 
exhibitions at the museum they would like to see in person.  
After completing Part 1, all participants submitted the survey to the experimenter, and 
experienced the museum VR option they had selected.  
Survey Part 2. The second part of the survey was conducted after participants completed 
the VR experience and returned to the experimenter. Only those in the post-VR condition 
responded to the dependent measures described above, as Part 2 of the survey. As a manipulation 
check, the participants in both the pre-VR and post-VR conditions indicated how calm or 
stimulating the VR experience was (1 = Extremely calm, 7 = Extremely stimulating). Participants 
then reported their satisfaction with the VR experience, level of nausea, if any (1 = Not at all, 7 = 
Extremely), and how many prior VR experiences they have had. Lastly, participants were asked 
to provide their email address to receive information on a follow-up survey. 
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Wave 2 (Follow-up Online Survey) Procedure 
In wave 2, participants answered some of the target dependent variables from wave 1. 
The purpose of this follow-up study was to test the long-term effect of museum VR experience.  
Two weeks from the last day of the museum survey (Saturday), I contacted participants 
via email and asked them to complete a 5-minute survey in return for a $5 Starbucks e-gift. The 
survey was sent to 122 participants who provided their email address. The response rate was 
53.3% (N = 65, 58.5% female, Mage = 38.09)13. In order to test the long-term effect of museum 
VR, I asked the following dependent variables used in the museum survey (wave 1): relative 
preference for calm VR (dv 1), relative preference for calm real-world consumption activities (dv 
2), and willingness to try museum VR-related activities in real life (dv 4). In addition, 
participants indicated their satisfaction with the VR experience.  
8.2 Results  
VR content manipulation check. On average, the museum VR contents were perceived to 
be mild in stimulation level (M = 3.87, SD = 1.98; p = .455 compared to a midpoint 4), and there 
was no difference across the four museum VR options (p = .504). Thus, the museum VR is mild 
and contemplative, unlike the highly exhilarating and adrenaline-rushing VR used in prior 
studies. I suspect that the participants did not perceive the museum VR to be much more calming 
because these experiences, including visits to the storage or conservation lab that restricts public 
access, could be inspirational and excitement-provoking or intellectually “stimulating.”  
Mindfulness. I averaged participants’ responses to three items to compute a mindfulness 
index (𝛼 = .63; M = 5.06, SD = 1.13). To confirm that the museum VR users were highly 
 
13 To alleviate the concern on self-selection effect by condition, I examined the sample characteristics of participants 
by their condition assigned in wave 1. Thirty people were in the pre-VR condition, and 35 in the post-VR condition. 
They did not differ in their characteristics in terms of age, gender, mindfulness, sensation seeking, and enduring 
involvement (ps > .230).  
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mindful individuals with strong predilection for calmness and cogitation, I recruited a separate 
sample of 38 South Korean subjects who did not visit the museum (57.9% female, Mage = 38.0) 
and measured their mindfulness to derive a general population mean. Indeed, the participants at 
the museum VR center were high on chronic mindfulness compared to the average South Korean 
subjects (MVR = 5.06, SD = 1.13, MControl = 4.41, SD = 1.36, p = .003). Among the participants at 
the museum VR center, there was no difference in mindfulness score (Mpre-VR =  4.98, SD = 1.07, 
Mpost-VR= 5.15, SD = 1.19,  p = .337) between the pre-VR and post-VR conditions.  
Enduring involvement. Compared to the average South Korean subjects, participants had 
higher enduring involvement with history museums (MVR = 5.51, SD = 1.30, MControl = 3.49, SD 
= 1.92, p < .001). Among the museum participants, there was no difference (Mpre-VR = 5.40, SD = 
1.14, Mpost-VR = 5.21, SD = 1.48, p = .399) between the pre-VR and post-VR conditions. 
Sensation seeking. The museum VR users were not any more sensation seeking than 
average South Korean subjects (MVR = 3.83, SD = 1.35, MControl = 4.11, SD = 1.14, p = .224). 
Among the museum participants, there was no difference in sensation seeking score between the 
pre-VR and post-VR conditions (p = .771). Because high sensation seekers are neither the targets 
nor the actual consumers of the calm museum VR, sensation seeking measures are not discussed 
further.  
My prediction was, given that highly mindful people (with strong need for composure) 
are prone to fulfill their need from the mild, cogitative museum VR, those in the post-VR 
condition would exhibit less desire for similar kinds of calm consumption experiences than those 
in the pre-VR condition. A competing prediction is that the participants (with high enduring 
involvement with history museums) would not show the negative effect of museum VR, because 
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they should have sufficient acumen to recognize that seeing a piece of artifact in Museum 
Storage VR, for example, is not quite the same as seeing it in person. 
Dependent Variable 1 (relative preference for calm VR). I computed an overall 
preference for calm VR by averaging participants’ preferences for the two sets of VR 
experiences (𝛼 = .66). Participants who already had a museum VR experience reported lower 
desire to try a calm VR experience compared to those who have not yet done VR (Mpre-VR = 4.20, 
SD = 2.08, Mpost-VR = 2.69, SD = 2.15, F(1, 145) = 18.67, p < .001, Cohen’s d = .713). This 
demonstrates that doing museum VR lowers consumers’ desire for another calm experience 
presented in VR.  
Dependent Variable 2 (relative preference for calm real-world consumption). I averaged 
participants’ responses to the three consumption categories (leisure, exercise, and beverage) to 
create an index for the overall preference for calm consumption opportunities in reality. 
Participants who already had a museum VR experience had lower desire for calm consumption 
activities compared to those who have not yet done VR (Mpre-VR = 5.09, SD = 1.14, Mpost-VR = 
3.83, SD = 1.43, F(1, 145) = 35.52, p < .001, Cohen’s d = .974). When the three consumption 
categories were analyzed separately, the results were robust and highly consistent (all ps < .008). 
 Dependent Variable 3 (choice of non-stimulating gift option). After the museum VR 
experience, the percentage of participants who chose the colored notepad as a gift instead of 
choosing the suspense of a mystery gift significantly decreased from 49.4% (pre-VR) to 13.7% 
(𝜒!	= 20.91, p < .001, w = .289). 
Dependent Variable 4 (willingness to try museum VR-related activities in reality). 
Participants in the post-VR condition had lower desire for real-world experiences that are similar 
to their VR experience, compared to those in the pre-VR condition (Mpre-VR = 6.40, SD = 1.02, 
76 
 
Mpost-VR = 5.98, SD = 1.58, F(1, 145) = 3.60, p = .060, Cohen’s d = .316). Because the 
counterpart real-world experience depended on which VR option participants did (e.g., going to 
the same temple they virtually visited in Temple VR, or seeing the same artifacts they virtually 
saw in Museum Storage VR), I examine the effect of VR option. There was a main effect of VR 
condition on participants’ desire for counterpart real-world experience (p = .095), but it did not 
interact with the types of VR option they selected (condition × VR option interaction p = .960). 
Further, participants in the post-VR condition wanted to go to fewer current exhibitions at the 
museum in person, compared to those in the pre-VR condition (Mpre-VR = 9.31, SD = 6.08, Mpost-
VR = 7.21, SD = 5.70, F(1, 145) = 4.57, p = .034, Cohen’s d = .356). 
I examined whether the above pattern of results holds after controlling for other variables. 
Across all four of the dependent variables, VR’s main effect remained significant (ps < .066) 
after I controlled for the following covariates: participants’ age, gender, date of the survey, and 
the level of nausea. Overall, participants experienced little nausea (M = 2.85 out of 7, SD = 
1.77). In addition, I tested if the effect of VR on the four dependent variables is moderated by 
whether it was the participant’s first time using VR or not. Having previous VR experiences did 
not interact with the conditions to influence any of the four dependent variables (VR × number 
of prior VR experiences, ps > .308). These results rule out potential concerns that the negative 
effect of museum VR on the subsequent desire for calm consumption activities only holds for 
those who are new to VR. Lastly, the participants had similar levels of satisfaction with their VR 
experience across the pre-VR and post-VR conditions (Mpre-VR = 5.79, Mpost-VR = 5.79, p = .971), 
and across the four museum VR options (p = .080). 
Together, results from wave 1 show that for consumers with high need for composure, 
doing the mild museum VR experience reduces their desire for (1) calm VR content, (2) calm 
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real-world consumption activities, (3) a non-stimulating gift over a mystery gift, and (4) direct 
real-world counterparts to their experiences in museum VR. The observed negative effect of 
museum VR on participants’ desire for real-world counterpart experiences shows that the effect 
cannot be explained by people’s ability to recognize the subtle differences between VR and 
physical experiences. 
Wave 2 – Follow-up survey results (long-term effect of museum VR). Using 65 
participants (58.5 % female, Mage = 38.09) who completed both waves of the study, I tested the 
long-term effect of museum VR on the following focal dependent variables from wave 1.    
Dependent Variable 1 (relative preference for calm VR). I computed an overall 
preference for calm VR by averaging participants’ preferences to the two sets of VR experiences 
(𝛼 = .65). Preference for calm VR was submitted to a mixed ANOVA with time (wave 1 vs. 
wave 2) as a within-subject factor and VR condition (pre-VR vs. post-VR) as a between-subjects 
factor. Results showed a significant interaction between time and VR condition (F(1, 63) = 
16.44; p < .001) such that at wave 1 (i.e., museum survey), the negative effect of VR was 
significant (Mpre-VR =  4.55, Mpost-VR =  2.46, p < .001) whereas this effect diminished in wave 2 
(i.e., follow-up survey) (Mpre-VR =  3.47, Mpost-VR =  3.73, p = .645).  
Next, in order to test the sustained effect of museum VR, I compared the responses 
among participants in the post-VR condition. This is because the VR condition (pre- vs. post-
VR) was assigned at wave 1. That is, participants in pre-VR condition first answered the 
dependent variables shortly before doing VR at the museum, and answered them again a few 
weeks later. Those in the post-VR condition answered the dependent variables shortly after doing 
VR at the museum, and answered them again a few weeks later. Comparing the post-VR 
participants’ preference for calm VR shortly after VR to their preference a few weeks after VR, I 
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found that there was a significant increase (Mwave1 =  2.46, Mwave2 = 3.73, t(34) = -3.35, p = .002), 
suggesting that the temporary negative effect of VR was mitigated over time.   
Dependent Variable 2 (relative preference for calm real-world consumption). 
Participants’ responses across the three consumption categories (leisure, exercise, and beverage) 
were averaged to create an index for the overall preference for calm real-world consumption (6 
items in total; a = .76). Preference was submitted to a mixed ANOVA with time (wave 1 vs. 
wave 2) as a within-subject factor and VR condition (pre-VR vs. post-VR) as a between-subjects 
factor. Results showed a significant interaction between time and VR condition (F(1, 63) = 9.21; 
p = .003) such that at wave 1, the negative effect of VR was significant (Mpre-VR = 5.21, Mpost-VR 
= 3.58, p < .001) whereas this effect diminished in wave 2 (i.e., follow-up survey) (Mpre-VR = 
4.89, Mpost-VR = 4.59, p = .435). Using only participants in the post-VR condition, I found that 
their preference for calm real-world consumption activities increased from shortly after doing 
VR (Mwave1 = 3.58) to a few weeks after doing VR (Mwave2 = 4.59, t(34) = -3.58, p = .001), 
suggesting that the temporary negative effect of museum VR is mitigated over time. 
Dependent Variable 4 (willingness to try museum VR-related activities in reality). 
Willingness to consume real-world counterparts to museum VR experiences was submitted to a 
mixed ANOVA with time (wave 1 vs. wave 2) as a within-subject factor and VR condition (pre-
VR vs. post-VR) as a between-subjects factor. The negative effect of VR was marginally 
significant at wave 1 (i.e., museum survey) (Mpre-VR = 6.53, Mpost-VR = 6.09, p = .182), whereas 
this effect diminished in wave 2 (i.e., follow-up survey) (Mpre-VR = 6.30, Mpost-VR = 6.37, p 
= .739). The interaction between time and VR condition was not significant (F(1, 63) = 2,04; p 
= .158). Using participants in the post-VR condition, I found that their preference for counterpart 
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experiences in reality remained the same from shortly after VR (Mwave1 = 6.09) to a few weeks 
later (Mwave2 = 6.37, t(34) = -1.06, p = .298). 
Because participants in both pre-VR and post-VR conditions reported their satisfaction 
after the VR experience in wave 1, a paired-samples t-test revealed that people’s initial 
satisfaction with VR (shortly after VR) slightly increased over time (Mwave1 = 5.99, Mwave2 = 
6.23, t(64) = 1.87, p = .066).  
8.3 Discussion 
To examine the generalizability of my findings and the need satisfaction process, Study 6 
examines mild VR contents from the National Museum of Korea that target consumers with a 
strong need for composure and cogitation. The museum VR users were high on dispositional 
mindfulness and were highly familiar with history museums in general, but they did not have a 
particularly high need for sensation. Compared to their counterparts who have not experienced 
the museum VR, highly mindful visitors who have experienced the museum VR had lower desire 
for calm consumption activities, as suggested by their real-life preferences (e.g., calming 
exercises, leisure activities, and beverages), gift choices, and desire to continue their museum 
experiences. This supports the conjecture that consumers with a strong need for composure have 
satisfied their need for calm consumption via museum VR.  
I ruled out an alternative explanation by measuring people’s enduring involvement with 
history museums and testing how it affects their desire for real-world counterpart experiences 
(e.g., desire to see the same artifacts they virtually saw in VR). My participants were involved 
enough with history museums to be able to tell apart virtual and physical experiences with 
historical artifacts. Yet, despite this acumen, they reduced their desire to see the artifacts in 
person after a similar VR experience. It is unlikely that the negative effect of VR occurs because 
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people lack the experience and acumen needed to realize that VR experiences are not quite the 
same as physical experiences. 
Also, as in Study 3, I tested the alternative explanation that the effect of VR occurs 
because highly mindful people in the pre-VR condition who anticipate a mild VR experience are 
heightening their preference for calm activities. To find a baseline sample of highly mindful 
people who are not anticipating a mild VR experience, I recruited a separate sample of 40 people 
at the National Museum of Korea who did not visit the VR center (50% female, Mage = 37.9). 
These individuals were visitors at the museum with similar levels of mindfulness (p = .690), 
sensation seeking (p = .175), and enduring involvement (p = .437) as participants in the pre-VR 
condition. The only difference was whether these highly mindful museum visitors were 
anticipating participating in the museum VR experience or not. I found that my participants in 
the pre-VR condition had similar desire for calm consumption activities (leisure, exercise, 
beverage) as the comparison sample (Mpre-VR = 5.09, SD = 1.14, MControl = 4.95, SD = 1.47, p 
= .578). Separate analyses on the three consumption categories yielded robust and consistent 
results (ps > .299). This casts doubt on the possibility that the negative effect of museum VR 
occurs because the prospect of doing museum VR is temporarily increasing people’s desire for 
calm consumption activities14. Further, I focused on participants in the pre-VR condition to 
compare their preference for calm consumption shortly before doing museum VR (in wave 1) 
with their preference in wave 2 as their baseline preference. A paired-samples t-test revealed that 
participants’ desire for calm VR (shortly before museum VR) was higher than their baseline 
 
14 I did not ask two other focal dependent measures (i.e., preference for calm VR content and non-stimulating gift 
choice) because these participants completed the survey without compensation, so the survey was kept short. Also, I 
did not ask their preference for calm VR content to make sure these participants did not consider any kind of VR 




preference (Mwave1 = 4.55, Mwave2 = 3.47, t (29) = 2.44, p = .021); however, there was no 
difference in their desire for calm real-world consumption (Mwave1 = 5.21, Mwave2 = 4.89, t (29) = 
0.93, p = .361) or desire for counterpart real-world experience (Mwave1 = 6.53, Mwave2 = 6.30, t 
(29) = 1.00, p = .326). Thus, it is unlikely that the anticipation of doing mild museum VR has a 
consistent effect on increasing people’s preference for calm consumption.     
I also note that calm museum VR experience reduced people’s subsequent desire for 
other calm VR experiences, suggesting that the negative effect occurs within the same experience 
modality (i.e., VR followed by VR). This result seems at odds with a VR theme park experience 
(Study 3) where consumers purchase tickets to play a series of similar, stimulating VR games in 
a row. How could people be willing to play multiple stimulating VR games at the theme park, 
but unwilling to try one calm VR content after the other? One possibility is that because the 
theme park visitors were asked to finish all of the VR games before starting survey Part 2, they 
may have grouped all of the VR games as one collective stimulating experience in their minds. 
That is, the theme park visitors might have played one stimulating VR game after another as part 
of one holistic “stimulating VR” experience. The fact that each ticket represented the bundle of 
games people could play at the theme park (e.g., “BIG 3 pass” for only 3 games, “Single use 
pass”) could have further facilitated visitors to bundle various VR games together in their minds. 
Further, all VR game stations were located on different floors from where participants completed 
the survey. The physical divide between VR stations and the survey station could make it salient 
that the “stimulating VR” and the survey (which asked people’s desire for stimulating real-world 
consumption) were two separate tasks. This suggests that if a subsequent calm VR content was 
presented more seamlessly after the museum VR, perhaps as part of a package experience, 
consumers may have preferred it to create one holistic “calm museum VR experience”.  
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Also, I found that the negative effect of museum VR does not persist over time. 
Compared to people’s responses shortly after doing museum VR, their desire for calm VR, calm 
real-world consumption, and counterpart real-world experiences increased after 2-3 weeks. 
People also increased their satisfaction with the museum VR experience over time. The finding 
that the target consumers recover their preference for calm consumption and increase satisfaction 
over time is quite promising. Further, additional analyses on VR’s lasting effects using consumer 
decisions with long-term implications (e.g., intention to volunteer at future museum events or 
leave online reviews) showed that the museum can expect to accrue marketing benefits of VR 
over time. Although people did not want to immediately follow the museum VR experience with 
other similar exhibitions in the museum, they were likely to share their museum experiences with 
others on social media or write online reviews, purchase museum souvenirs, or participate in 
future museum events (Appendix M). Given that a key purpose of museum VR as a marketing 
tool is to trigger consumers’ interests in the museum and its events, it is particularly promising 
that VR users increased their desire to participate in future museum events (e.g., educational 






















Given the growing interest in VR, it is important to explore what types of VR contents 
are available to consumers and how consumers respond to it. This dissertation focuses on a 
popular context in which VR is currently being used—as a tool for experiential advertising and 
promotions that aim to inspire consumers’ interest in actual consumption. I demonstrate that 
although many firms use such close-to-real VR experiences to trigger interest in physical 
consumption experiences, there may be a substitution effect of VR among target consumers. 
That is, the target consumers who find a VR experience particularly relevant to their active needs 
intensify their engagement with VR to satisfy their needs, thereby inhibiting their subsequent 
desire for similar consumption experiences in reality.  
In this dissertation, I explore two specific types of VR contents that allow users to satisfy 
their unique needs. One is stimulating and thrilling VR content; the other is calm and 
contemplative VR content. The two types of content each target a specific segment of consumers 
with corresponding needs: (1) consumers with strong needs for stimulating sensations and (2) 
consumers with strong needs for composure and cogitation, respectively. I test how consumers’ 
need strength, defined as the extent to which they are motivated to satisfy their need, influences 
their experiences in VR and their subsequent desire for similar kinds of consumption experiences 
in reality. Because VR experiences are designed and targeted by firms to fit consumers’ needs, I 
explore how high (vs. low) sensation seekers respond to stimulating VR, and how consumers 
with high (vs. low) mindfulness respond to mild VR.  
A series of field and experimental studies yields evidence for the negative effect of VR 
among target consumers, which is driven by their need satisfaction in VR. In Study 1, I web-
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crawled 700 VR videos on YouTube to identify key characteristics of existing VR contents in a 
real marketplace context. Since stimulating VR content was particularly likely to attract 
viewership and viewers’ engagement (e.g., number of likes), I utilized highly stimulating VR 
content in Studies 2 through 5 to test the need satisfaction effect of VR among target consumers. 
First, I found physiological evidence (i.e., SCR) that high sensation seekers readily satisfy their 
need for sensation by experiencing the VR stimulus more intensely than low sensation seekers 
(Study 2). This provided a direct support for the predicted underlying mechanism that target 
consumers can facilitate need satisfaction during VR by actively engaging with the need-related 
VR experience. Then, I conducted a field study at a “VR theme park,” which demonstrates that 
after a need-satisfying VR experience, people inhibit their needs (Study 3). High sensation 
seekers who played stimulating VR games at the theme park thus lowered their subsequent desire 
for stimulating consumption activities in reality. Study 4 replicated this effect among high, but 
not low, sensation seekers in a controlled lab setting, and found the effect is unique to VR (vs. 
non-VR) experiences. Study 5 further showed the need satisfaction process by demonstrating 
high sensation seekers’ selective inhibition of their need for stimulation—that is, the negative 
effect of stimulating VR was no longer observed when the actual consumption experience 
following VR was non-stimulating. In Study 6, using calm museum VR content targeting 
consumers with a strong need for composure, I replicated the negative effect of VR among 
consumers with high mindfulness, and found that the negative effect dissipates over time. 
The converging results are obtained in various consumption contexts, such as the desire 
to consume candy, beverage, leisure activities (Study 3), preference in music (Study 4), 
evaluation of a brand’s ad and its products (Study 5), and desire for direct counterpart real-world 
experiences as well as subsequent VR experiences (Study 6). I also tested and ruled out several 
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alternative explanations, such as mood (Study 2), sensory fatigue (Study 3), self-perception and 
experiential ownership (Studies 4-5), and enduring involvement with a VR content (Study 6). I 
also found that the negative effect of VR was driven by the reduction of need among those who 
had already done the need-satisfying VR, rather than by the increase of desire among those who 
anticipated doing VR (Studies 3 and 6). For the summary of each study, see Table 4.  
Table 4: Overview of Methods, Including Samples, Settings, VR Contents, Predictors (IVs), 
and Dependent Variables (DVs) in Studies 1-6 
 
Method Study 1 Study 2 
 
Study 3 Study 4 Study 5 Study 6 
Sample 
size 
N = 633  N = 114 N = 277  N = 222 N = 267 N = 147 
(wave 1);  
N = 65 
(wave 2) 
Setting Web scraping Laboratory Field Laboratory Laboratory Field 
VR 
content 
VR videos on 
YouTube  
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This dissertation presents a consumer-oriented theorization of VR experience, rather than 
a technology-oriented one. Previous scholarly understanding of VR as a mere reality simulator 
emphasized its technical advancements and restricted the scope of VR research. Due to this 
focus, prior research has heavily emphasized the innovativeness of VR in the contexts of surgical 
and military training (McCloy and Stone 2001; Bhagat, Liou, and Chang 2016), clinical 
psychology (Rothbaum et al. 2000; Wiederhold and Wiederhold 2004), education (Bailenson et 
al. 2008; Merchant et al. 2014), and sports training (Miles et al. 2012). Even the seminal work on 
the psychological experience of telepresence in VR by Steuer (1992) argues that telepresence is 
determined by properties of VR technology (e.g., sophistication of VR controllers and HMD), 
rather than the properties of individual VR users. In my dissertation, I focus on VR as a distinct 
human experience and demonstrate need satisfaction as the underlying process of VR’s effects 
on consumers’ real-life behavior. Consistent with Laurel’s (1986, 1991) idea that consumers 
influence and, ultimately, determine their own media experience, I put consumers at the locus of 
VR experience. The telepresence-inducing technology of VR can present a near-perfect replica 
of our physical reality. From there, what ultimately determines users’ VR experience is their 
motivated engagement with the VR content—how willingly they take the leap of faith and put 
themselves in the world of VR. In this dissertation, I use consumers’ need strength as the key 
individual factor that determines their willing engagement with VR that aids need satisfaction.  










My dissertation highlights consumers’ proactive role in determining their own VR 
experience by demonstrating that, holding constant the content consumed, each consumer’s VR 
experience—or the intensity of it—varies as a function of their need strength. Specifically, I 
demonstrate that consumers’ needs predict their motivated engagement with the need-related VR 
stimulus, as measured by their physiological response (SCR). This view is consistent with the 
prior conceptualization of theorists who have argued that autonomic arousal is not just a bodily 
response to emotional stimuli; it can evidence people’s experience of their motivational state, 
such as their effort, determination, strength of task engagement, or action readiness (Lang 1995; 
Higgins 2001). In my research, the intensification of VR stimulus, as measured by high SCR, 
demonstrates that high sensation seekers actively pursue strong sensation by orienting toward 
and engaging with the need-related stimulus content (Smith et al. 1986; Zuckerman 1990). More 
broadly, this suggests that consumers are motivated to, and ultimately do, fulfill their need 
through their own engagement with a need-related stimulus.   
My conceptualization of sensation seeking and mindfulness as the strength of consumers’ 
internal, motivated need for exciting sensations and composure, respectively, has several 
theoretical implications. Traditionally, sensation seeking tendency has been understood as a 
threshold level of external stimulation that one can accept (Fiske and Maddi 1961; Raju 1980). 
However, based on observations of real consumers and their behaviors across various 
consumption settings (i.e., at VR theme parks, museums), I posit that high sensation seekers 
experience the same exciting stimulus content more intensely than low sensation seekers because 
of their strong need to derive stimulation from such content. For example, high sensation seekers 
have been viewed as those capable of generating wild and daring ideas and wandering in their 
own thoughts even when left alone in a constricted environment (Zuckerman 1979). Further, 
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they have been noted to have a strong inner drive for risky activities and ideas, which is largely a 
fixed and even heritable trait (Kish and Donnenwerth 1969).  
Similarly, I construe mindfulness as consumers’ motivated need for composure and 
cogitation. There has been only suggestive evidence for the motivational aspect of mindfulness. 
For example, people with high mindfulness made safer choices on gambling tasks (Lakey et al. 
2007), indicating their intentions to avoid risks. Further, mindfulness has been positively 
associated with effortful control of emotions during interpersonal conflict (e.g., more 
constructive communication style, as assessed by objective raters), planned decision making, and 
enhanced error monitoring, whereas it was negatively related to hedonism, focus on threatening 
emotional stimuli, and impulsiveness (Brown, Ryan, and Creswell 2007). This suggests that 
those with high mindfulness have a distinct motivation to turn away from risky, volatile, or high-
arousal stimuli and instead focus on elements that will help them retain equanimity and 
composure.  
In addition, the inhibitory effect of need-satisfying VR experiences in this dissertation 
supports prior theorization that needs share similar properties with goals. According to Lewin 
(1935), goals cause need-like states or “quasi needs” that can differ in activation. For example, 
people wanted to dip their hand into cold water after immersing in a warm bath, and conversely, 
into warm after a cold bath (Cabanac 1971). Subjects who were interrupted in the middle of a 
task, compared to those who were not interrupted, were more likely to take up a similar task 
again, suggesting that an unachieved goal makes an activity that can help one reach that goal 
momentarily more desirable. These findings support the idea of goals as quasi needs. Yet, in this 
dissertation, I used need satisfaction rather than goal fulfillment as the underlying mechanism for 
VR’s effect because a need refers a state associated with a physiologically based outcome like 
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hunger, whereas a goal is associated with more psychological or cognitive outcomes like 
finishing a task in time (Brendl, Higgins and Lemm 1995; Brendl and Higgins 1996). The bodily 
sensations and physical engagement in VR make VR a particularly useful medium to pursue and 
satisfying people’s needs.     
This dissertation also extends prior research on consumer behavior that has primarily 
focused on high-level needs and motives—such as need for status and achievement—that are 
largely shaped by cultural and interpersonal influences (Lee and Shrum 2012; Yang, 
Stamatogiannakis, and Chattopadhyay 2015). In contrast, consumers’ basic drives with 
physiological consequences have received relatively less scholarly attention. Only a handful of 
consumer research studies, mostly on evolutionary perspectives, have examined how our basic 
needs such as hunger, sex, safety, and order operate in consumption decisions and processes 
(Cutright 2012; Gal 2012; Griskevicius and Kenrick 2013). Contributing to this stream of 
literature, I highlight sensation seeking as one of the primary motives that not only drives 
consumers into exploratory consumptions (Holbrook and Hirschman 1982) but also intensifies 
their engagement.  In support of this perspective, I found that when consumers were asked to 
estimate how long the VR experience felt like, the high sensation seekers thought that the 
identical VR experience went by much faster than did low sensation seekers (Study 2). In 
addition, the results from Study 2 suggest that high sensation seekers’ intense pursuit of 
stimulation during a VR experience may occur without conscious awareness or intent, because 
participants’ verbal description of their own experience did not reflect variations in their 
physiological engagement during VR (see Appendix F for details). In line with research on 
nonconscious goal pursuits (Chartrand, Dalton, and Cheng 2008), my findings suggest that 
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people’s chronic need for excitement may be a basic drive that makes them actively engage with 
stimulating VR.  
Lastly, my research contributes to understanding the role of proxy experiences on actual 
behavior (Liberman and Förster 2000; Kavanagh, Andrade, and May 2005). Effects of proxy 
experiences have been typically examined by having people imagine scenarios (Förster, 
Liberman, and Higgins 2005) or mentally simulate actions and feelings (Morewedge, Huh, and 
Vosgerau 2010; Kappes, Oettingen, and Mayer 2012). The unique characteristics of VR, such as 
interactivity and telepresence (Breugelmans and Campo 2011; Kandaurova and Lee 2019), make 
VR a novel type of proxy, as consumers get to live through, rather than simply imagine, an 
experience, without having to carry out the corresponding actions in reality. Implementing this 
state-of-the-art technology can help broaden our knowledge of proxy experiences, such as when 
and how the boundary between a real and proxy experience blurs in modern consumption 
activities.  
Managerial Contribution  
VR has wide-ranging applications in both consumer (e.g., videogames, live events, video 
entertainment) and business/public sectors (e.g., engineering, healthcare, real estate). Particularly 
in the context of VR-based experiential marketing, a deeper understanding of when and how VR 
acts as a substitute rather than an impetus for future consumption has meaningful managerial 
implications. For firms using VR as a marketing tool with an expectation that VR will fuel 
consumers’ desire for the corresponding consumption opportunities in reality, my results suggest 
that offering VR content that replicates actual consumption experiences may not be ideal if firms 
wish to deliver efficient gateway experiences. To use VR as an impetus to future consumption, 
firms should use VR to whet consumers’ appetite without making them feel satiated. 
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Even though this paper reveals VR’s inhibitory effects, my results also shed light on how 
VR can prompt consumers’ further motivation to have similar experiences in real life. First, how 
consumers’ need strength influences their engagement with and response to a VR experience is 
important for targeting purposes, as firms often create and tailor the content of VR to match 
consumers’ needs. The expectation is that the target consumers of VR will heighten engagement 
and increase their interest in similar experiences in reality. My results on the substitution effect 
among target consumers suggest that it may be more effective to use VR to access a segment of 
consumers that was traditionally hard to penetrate than to use VR to increase engagement among 
the already accessible target market. To an extent, advertising the mere existence of a VR center 
can attract a thrill-seeking group of customers who may not otherwise be interested in coming to 
history museums. Museums can further lock these nontypical visitors in by offering VR content 
that is highly arousing (e.g., virtual “time travel” to wartime or civil rights protests).            
Besides modifying their targeting efforts, firms can modify the content of VR to avoid 
the negative effect. VR cannot act as a substitute for reality if the simulated experiences are 
impossible in reality. For example, consumers who try an amusement park’s roller coaster ride in 
VR may be less willing to visit the actual park; however, offering a virtual ride to outer space in 
VR can incite consumers’ curiosity and attract visitors because the VR experience cannot replace 
actual experiences at the amusement park. A notable VR researcher, Bailenson (2018) has 
argued that VR should be used for things that people cannot do in reality such as time travel or 
simulating flight emergencies, and should not be “wasted” on mundane activities that can be 
done in reality. This suggests that VR’s ideal use cases are when virtual experiences act as 
substitutes for experiences that may be too expensive, too dangerous, or too time-consuming to 
do in reality. Likewise, firms could save VR for special experiences that consumers would not 
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normally be able to have. For example, British fashion retailer TopShop live-streamed a VR 
experience of its London Fashion Week show for a selected number of consumers in a marketing 
campaign in 2014. Much enthusiasm ensued from this exceptional experience offered in VR.   
Also, firms can maintain consumers’ interest after VR by leaving the outcome of their 
actions in VR incomplete and, thus, only partially satisfying consumers’ needs. Past research on 
mental simulation has found that a key determinant of whether simulation inhibits or incites 
further pursuit of the simulated behavior is the completion of the simulated action (Kappes and 
Morewedge 2016). That is, simulating task completion (e.g., eating cake to full satiety) should 
reduce people’s willingness to engage in the same task in reality, whereas simulating task 
initiation (e.g., taking a bite of cake) should increase it. Since unfinished tasks or goals motivate 
people more than completed ones, firms can provide a stimulating VR experience that is initiated 
(e.g., preparing for a virtual skydive) but not completed, to promote corresponding consumption 
activities in reality.    
Lastly, firms can use VR to build a desirable brand image or identity rather than to 
replicate the actual experiences. For example, Discovery VR and Google Earth VR allow 
consumers to travel anywhere in the world. Intel began streaming live sports events in VR during 
the 2018 PyeongChang Olympics. Citibank partnered with a VR studio on a marketing campaign 
to broadcast a series of live concerts in VR. These examples show that firms can offer VR 
experiences that are different from the actual services or products they offer in reality to avoid 
the observed substitution effect of VR. Although watching live concerts in VR may reduce 
consumers’ willingness to go to a similarly exciting concert in reality, it can induce consumers to 
perceive the Citibank brand that offers such an experience as exciting and youthful. Designing a 
VR experience in ways that do not overlap with actual consumption contexts can help brands 
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avoid VR’s potentially cannibalizing effect on actual sales. Further, this may encourage 
consumers to associate the meaning of the VR experience (e.g., exciting and fun) with the image 
of the brand, and build a connection with self-relevant brands (Chung and Johar 2018). This 
suggests that VR would be a better soft-sell technique than a hard-sell technique with overt sales 
messages embedded in VR.  
Future Directions 
Future research can test distinctions among various VR experiences in satisfying 
consumers’ need for sensation. Results from Study 3 suggest that the inhibitory effect of 
stimulating VR is not stimulus-specific; playing excitement-provoking VR games that was 
completely unrelated to tasting food satisfied people’s need for sensation and, thus, reduced their 
willingness to taste an unknown mystery candy. This does not suggest that all stimulating 
activities are the same. For example, future research can compare the effect of VR at a high level 
(e.g., feeling thrilled) versus lower level (e.g., “touching” a tiger or flying over New York City in 
VR). Also, whether a VR experience is more physically engaging (e.g., playing squash in VR) or 
cognitively engaging (e.g., solving a complex puzzle in VR) may moderate its effect on users’ 
subsequent desire for stimulation in reality.  
In addition, the insights from this dissertation can be applied to study when VR 
experiences help consumers increase their sense of ownership (Weiss and Johar 2013, 2016) and 
control (Faraji-Rad, Melumad, and Johar 2017) prior to actual purchase decisions. The results 
from Study 6 demonstrate that consumers substitute real-world experiences with VR, partly 
because they feel that they have achieved sufficient understanding of the experiences (e.g., 
visiting a temple) from the virtual trial. In an advertising context, this goes against marketers’ 
goals to keep consumers interested and curious for more. Yet, in other contexts, such as when 
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consumers make costly purchases (e.g., cars or furniture) or utilitarian purchases (e.g., new sink 
for home renovation), consumers would benefit from enhanced feelings of control and ownership 
from VR trials. Consumers who feel more confident in their decisions after VR may then 
increase their purchase amount or reduce post-purchase regret. In such contexts, the observed 
substitution effect of VR would be beneficial to both the users and providers of VR services.  
The VR experiences used in my studies relied solely on visual and auditory cues, but 
future research can examine other sensory modalities involved in VR experiences. VR 
controllers, which often work like avatar hands, enable more diverse modes of sensory 
engagement by accurately reflecting users’ body movements and letting them directly 
manipulate objects in VR. Future research can use wearable computing involved in VR 
technology to test if certain sensory cues are more likely to facilitate need satisfaction than other 
cues, or how certain cross-modal combinations (e.g., sound frequency with color lightness; 
Hagtvedt and Brasel 2016) can further intensify users’ sensory experiences in VR.  
As the technical aspects of VR improve alongside its popular adoption, it is vital to 
understand how VR is experienced by individual consumers and to identify the behavioral 
consequences of such experience. More platforms have emerged to stabilize the VR ecosystem, 
pushing for a higher standard for VR content and wider distribution. Infrastructure is also 
developing such that proprietary and third-party stores allow users to download more diverse VR 
contents and developers can achieve greater commercial feasibility. The accessibility to VR 
content and hardware also indicates a continued growth of the commercial VR market, paving 
the way for mainstream consumption of VR. The effects of VR explored in this dissertation can 
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Study 1: YouTube VR Video Rating Distribution and Histograms 
 
 
Table: Distribution of YouTube VR Video Ratings 
 
NOTE.— The table reports the percentage of two coders’ average ratings for each video 
characteristic that falls in the lower (below 4), middle (4 through 7), or upper (above 7) range of 















Positive Engaging  Commercial  Interactive 
 
Lower 5.1 6.3 18.3 12.0 3.5 1.6 88.8 70.0 
Middle  26.7 69.8 22 44.2 61.5 33.0 4.3 19.9 

















NOTE.— The table reports regression coefficients in 1,000s with standard deviations in 





























































































Study 1: LIWC Analyses on YouTube VR Videos 
 
In order to delve into more specific kinds of VR contents that predict higher viewership 
and viewer reaction, I conducted text-based content analyses on the video title and video 
description using the Linguistic Inquiry and Word Count (LIWC) program. The default LIWC 
2015 Dictionary is a comprehensive list of linguistic categories on almost 6,400 words and word 
stems. Some of the psychological process categories that it captures include affective processes 
that contain positive emotion words (620 words; e.g., “happy”) and negative emotion words (744 
words; e.g., “terror”), which then have subcategories like anger (230 words; e.g., “kill”) and 
sadness (136 words; e.g., “crying”). Other categories include drives that contain power words 
(518 words; e.g., “attack”) and affiliation words (248 words; e.g., “friend”), and personal 
concern that contain money words (226 words; e.g., “rich”) or religion words (174 words; e.g., 
“church”).  
LIWC calculates how often the words from each category appear on a text-based content. 
My content was all text-based content (including emojis) in video title and video description. 
Since the goal of this auxiliary analysis was to further identify which types of video content are 
more likely to attract viewers than others, I identified each one of these linguistic categories in 
the default LIWC2015 Dictionary 
(https://repositories.lib.utexas.edu/bitstream/handle/2152/31333/LIWC2015_LanguageManual.p
df) as a unique type of video content, and tested which categories are the strongest predictors of 
viewership and viewer reaction. For example, if a greater frequency of words from power 
category (e.g., “attack”) predicts higher viewership, this suggests that power-related VR content 
is popular.  
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Of all linguistic categories in the LIWC2015 Dictionary, I found that the following 
categories are the strongest predictors of viewership: (1) negative emotion, (2) anger, (3) drive, 
(4) power, and (5) money. Specifically, negative emotion words positively predicted view counts 
(b = 870033.19, t = 3.21, p = .001), likes (b = 7530.19, t = 2.93, p = .004), dislikes (b = 655.73, t 
= 3.12, p = .002), and number of comments (b = 394.61, t = 2.94, p = .003). Anger words 
positively predicted view counts (b = 2645063.13, t = 3.98, p < .001), likes (b = 29119.88, t = 
4.62, p < .001), dislikes (b = 1111.50, t = 2.13, p = .034), and number of comments (b = 1120.89, 
t = 3.40, p = .001). Drive words positively predicted view counts (b = 240184.48, t = 2.46, p 
= .014), likes (b = 2867.09, t = 3.12, p = .002), and number of comments (b = 89.90, t = 1.85, p 
= .065). Power words positively predicted view counts (b = 668994.66, t = 3.29, p = .001), likes 
(b = 7517.17, t = 3.93, p < .001), dislikes (b = 331.60, t = 2.10, p = .036), and number of 
comments (b = 170.65, t = 1.68, p = .093). Money words positively predicted view counts (b = 
1506114.20, t = 3.77, p < .001), likes (b = 8948.57, t = 2.35, p = .019), dislikes (b = 1196.37, t = 
3.86, p < .001), and number of comments (b = 444.25, t = 2.23, p = .026). This suggests that VR 
experiences about negative emotion (specifically anger), drives (especially power), and money 
can increase viewership and elicit viewers’ reactions such as clicking likes and dislikes and 
leaving comments.  
 Next, to understand which exact words from my text data (VR video title and description) 
appeared in each of the five linguistic categories above, I retrieved a list of 25 most frequent 
words in each category. The most frequently used negative emotion words included: war, lose, 
horror, cut, battle, scary, kill, fight, attack. Frequent anger words included: war, kill, battle, mad, 
fight, hell, rage, threat, destroy, violent, weapon, confront. Frequent drives words included: 
game, over, king, take, win, war. Frequent power words included: help, war, power, high, 
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control, best. Frequent money words included: free, rent, business, shop, rich, invest, money. In 
all categories that predicted greater viewership, fight-related words (e.g., war, battle, win) 
appeared, suggesting that VR videos about wars and fights may be particularly popular among 
VR users, and trigger their responses afterwards.  
In summary, LIWC analyses established that among diverse VR content, highly 
stimulating VR that aims to help consumers satisfy their need for strong sensation is frequently 
watched, and these videos elicit greater reaction from the viewers, such as clicking likes and 


















Study 2: Manipulations and Materials 
 
*Red text indicates additional information about the study design or condition assignment. 
 
Pre-lab questionnaire  
 
Please indicate the extent to which you agree with the following statements about yourself.  
 
* Order of presentation was counterbalanced. All questions were answered on a scale from 1 
(Strongly disagree) to 7 (Strongly agree). 
 
I often wish I could be a mountain climber. 
I sometimes like to do things that are a little frightening. 
I would like to take up the sport of water skiing. 
I would like to try surfboarding. 
I would like to learn to fly an airplane. 
I would like to go scuba diving. 
I would like to try parachute jumping. 
I like to dive off the high board. 
I would like to sail a long distance in a small but sea-worthy sailing craft. 
I think I would enjoy the sensations of skiing very fast down a high mountain slope. 
I like some of the earthy body smells. 
I like to explore a strange city or section of town myself, even if it means getting lost. 
I would like to try some of the new drugs that produce hallucinations. 
I like to try new foods that I have never tasted before. 
I would like to take off on a trip with no preplanned or definite routes or timetables. 
I would like to make friends in some of the "far-out" groups like artists or "hippies." 
I often find beauty in the "clashing" colors and irregular form of modern painting. 
People should dress in individual ways even if the effects are sometimes strange. 
I like wild "uninhibited" parties. 
I enjoy the company of real "swingers." 
I like to have new and exciting experiences and sensations even if they are a little unconventional 
or illegal. 
I like to date people who are physically exciting. 
Keeping the drinks full is the key to a good party. 
A person should have considerable sexual experience before marriage. 
I could conceive of myself seeking pleasures around the world with the jet set. 
I enjoy watching many of the "sexy" scenes in movies. 
I can't stand watching a movie that I've seen before. 
I get bored seeing the same old faces. 
When you can predict almost everything a person will do and say, he or she must be a bore. 
I usually don't enjoy a movie or a play where I can predict what will happen in advance. 
Looking at someone's home movies or travel slides bores me tremendously. 
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I prefer friends who are excitingly unpredictable. 
I get very restless if I have to stay around home for any length of time. 
The worst social sin is to be a bore. 
I like people who are sharp and witty even if they do sometimes insult others. 
I have no patience with dull or boring persons. 




*Below are filler items. I did not have specific predictions for these items, nor are the items 
relevant to the experience of VR, so I do not discuss the results. All questions were answered on 
a scale from 1 (Strongly disagree) to 5 (Strongly agree). 
  
Please rate your general agreement with the following statements about your relationships with 
the people in your life that you are closest to. 
 
We frequently think of things at the exact same time. 
Through our discussions, we often develop a joint perspective. 
We typically share the same thoughts and feelings about things. 
Events feel more real when we experience them together. 
The way we think has become more similar over time. 
We often anticipate what the other is about to say. 
We are more certain of the way we perceive things when we are together. 




Please rate below the degree to which you agree that each statement applies to you. 
 
I crave conversations yielding insights that combine different perspectives.  
I enjoy exchanging ideas with others. 
I enjoy explaining my point of view to others. 




Please rate below the degree to which you agree that each statement applies to you. 
 
I tend to feel uncertain about my own views until I find other people who agree with me. 
Sometimes things don't feel "real" unless I experience them with others. 
On relevant issues, I can't really take action until I can be sure that those who share my beliefs 
agree that it's the right course of action. 







In-lab questionnaire  
 
Thank you for participating in the study! For the next 60 seconds, we will be measuring your 
baseline (i.e., your default state) physiological response. 
  




Virtual Reality Experience (*Mature Content) 
  
In this section, you will watch a video (approx. 10 minutes) using Virtual Reality (VR) 
technology. Later, you will be asked to talk about it in detail, so please pay close attention to the 
video. If at any point you feel uncomfortable or wish to stop, let the experimenter know.  
   
The experimenter will start the video for you. 
  
*IMPORTANT: Press >> AFTER you are done with the video and have taken off the VR 




If you could choose your next video, which video would you like to watch next? 
 
 
Sanctuaries of Silence  
Go on a peaceful journey into Olympic National Park, one of the quietest places in North 
America.   
 
Extreme Roller Coaster 
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Describe Your Experience  
  
In this section, we will record your verbal description of today's experience of watching the VR 
video. Your response will be used to prepare for future studies where we will categorize different 
videos and describe the video to participants who do not get to watch it in person.   
  
Try to recall as much detail as you can, and describe how you felt and what you thought 
while watching the video, as well as anything else that went through your mind.  
  
Now, please take some time to think about your experience. You will have 2 minutes to talk. 
When you are ready, please tell the experimenter. The experimenter will bring a recording 
device. 
  




Thank you for your response. In the following sections, you will answer a few questions about 
your experience today. Click >> when you NO LONGER have any physiology equipment 




What did you feel? (1) 
 
Please recall when you were watching the VR video, and indicate how much you felt each of 
the feelings during the VR experience.   
 
*Order of presentation was counterbalanced. All items were answered on a scale from 1 (Not at 
















Lively   
Still   
Wide awake  
Clutched up 
Quiet  






Please indicate how much you agree with the following statements about the VR experience:   
 
Please rate how excited the video made you feel.   
 
 
How much was the VR experience physically stimulating/arousing? (1= Not at all; 7= Very 
much) 
How engaged were you during the experience? (1 = Not at all, 7 = Very much) 
How realistic did the experience feel to you?  (1 = Not at all, 7 = Very much) 
How immersive was the VR experience?  (1= Not at all; 7= Very much) 
 
If you could guess, how long do you think the VR video was (in seconds)? Please be as precise 




How was the quality of the video? (1= Low quality ,7 = High quality) 




Please see below and indicate how much you feel this way right now. 
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*Order of presentation was counterbalanced. All items were answered on a scale from 1 (Not at 














What is your age? (open response, only numeric value was recorded) 
What is your gender? (male, female) 
What is your ethnicity? (White/Caucasian, African American, Hispanic, Asian, Native American, 
Pacific Islander, Other (please specify:    ) 




Have you used VR equipment before? (No, it is my first time. / Yes, I have used this before.) 







Study 2: Supplementary Analyses 
 
VR video choice 
At the end of the VR video in Study 2, participants responded to one question. It asked 
participants that if another video were to follow, whether they would like to watch a stimulating 
video or a calming video next. Specifically, they selected from one of the two VR video options: 
(1) “Sanctuaries of Silence: go on a peaceful journey into Olympic National Park, one of the 
quietest places in North America” and (2) “Extreme Roller Coaster: Feel the adrenaline rush on 
another level while diving straight into an underwater roller coaster”. 
The proportion of participants choosing a stimulating VR video, rather than a calming 
VR video, to watch next did not significantly differ as a function of participants’ sensation 
seeking score (b = -0.06, SE = 0.05, t(112) = -1.13, p = .262). This result is consistent with the 
results in Studies 4 and 5 such that there was no difference in high versus low sensation seekers’ 
preference for stimulating products within the VR condition. 
 
Self-reported engagement with stimulating VR 
Since SCR to a stimulus can occur without one’s conscious awareness, I aimed to 
complement the SCR results with participants’ self-reported measures on their own sense of 
engagement with VR. To do so, I asked participants to complete the Activation-Deactivation 
Adjective Check List (AD ACL; Thayer 1978). Specifically, participants indicated how much 
they felt each of the following during the VR experience, from 1 (Not at all) to 4 (Definitely): 
active, placid, sleepy, jittery, energetic, intense, calm, tired, vigorous, at rest, drowsy, fearful, 
lively, still, wide awake, clutched up, quiet, full of pep, tense, wakeful. Participants also reported 
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how excited they felt during the video (1 = Very calm; 5 = Very excited). They also indicated 
how exciting, stimulating, engaging, realistic, and immersive the VR experience was (1 = Not at 
all, 7 = Very much).   
The four subscales in AD ACL are the following: Energetic (active, energetic, vigorous, 
lively, full-of-pep; 𝛼 = .77); Tired (sleepy, tired, drowsy, wide awake (R), wakeful (R); 𝛼 = .84); 
Tension (jittery, intense, fearful, clutched up, tense; 𝛼 = .82); Calmness (placid, calm, at-rest, 
still, quiet; 𝛼 = .69). Results show that participants’ sensation-seeking score did not predict their 
self-reports on how energetic, tired, tense, and calm they felt during the VR experience (ps 
> .154). In addition, sensation seeking did not predict any of the other self-report measures on 
engagement in VR, such as how exciting (p = .790), stimulating (p = .119), engaging (p =.583), 
realistic (p =.439), and immersive (p = .290) participants found the VR experience.  
Results on self-reported engagement with VR suggest that participants may not be able to 
consciously recognize and indicate their sensory engagement during a VR experience. Self-
reported results, together with the physiological measures reported in the dissertation, suggest 
that participants who are higher in sensation seeking tendency engage with and intensify the 
stimulating VR experience more intensely than low sensation seekers, which may be the result of 





Study 2: Voice Recording Data Analysis 
 
Two research assistants (ICC = .86) who were blind to my hypotheses listened to the 
recordings of the participants’ verbal descriptions of their VR experience. Specifically, the 
research assistants were asked to code each recording on the following six dimensions that 
together indicate how intense the VR experience was: immersive (i.e., how much the speaker 
sounds like he/she actually went through the experience and was involved); vivid (i.e., how well 
the listener can visualize what the speaker is describing); sensorially rich (i.e., how much sensory 
cues like scenes, scents, or feelings the speaker is describing); engaged (i.e., how much the 
speaker sounds like he/she was "into" the experience being described); emotional (i.e., how 
much the speaker is emotionally engaged as he/she talks about this video, rather than passively 
reciting the content of the video); detailed (i.e., how detailed the description is). Each recording 
was scored from 1 (Not at all) to 10 (Very much), and the scores for six dimensions (𝛼 = .87) 
were averaged to create an index of VR experience intensity for each participant.  
Three participants’ data were excluded because the participants failed to record their 
descriptions (i.e., no sound was recorded at all, only the first few words were recorded), resulting 
in 111 recordings. On average, participants’ verbal descriptions of their experience were not 
overtly expressive to reflect high intensity (M = 6.12, SD = 1.61). This could be because 
participants were told that the purpose of the voice-recording task was to help researchers 
categorize different videos for future research purposes. The true purpose of the task (i.e., to 
examine how intensely and actively participants experience VR as a function of their sensation-
seeking tendency) was disguised in order to prevent participants from tailoring the content of 
their description, and to ensure that any physiological response during the voice-recording 
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section is not affected by their anxiety of being analyzed in detail. All participants were told the 
true purpose of the task at the end of the experiment.  
Results showed that there was no relationship between participants’ sensation seeking 
score and their verbalized level of experience intensity (b = .14, SE = .15, t(109) = .906, p 
= .367). In addition, participants’ experience intensity based on their verbal description was not 
correlated with their Skin Conductance Response (SCR) during the voice-recording section (b = 
-.060, SE = .08, t(109) = -.771, p = .442), nor with their SCR during the VR section when they 






Study 3: VR Theme Park and Experimental Setup 
 
 
NOTE.— Full-body VR gear that reflects players’ real-time movement in the VR environment 
during a shooting game (left) and players in VR gear during game (middle, right). 
 
 




NOTE.— A player on a VR simulator during a car racing game. The front screen reflects 
players’ view in real-time, and the fan creates a sensory effect (i.e., strength of the wind) 








NOTE.—Sample descriptions of VR games (left) and corresponding gaming stations (right). In 
both stations, the screen behind shows players’ view in real-time, and the simulators, i.e., the ride 





NOTE.—Survey station setup (left) and participants completing the surveys (right). Participants 








Study 3: Manipulations and Materials 
 
This survey material is translated into English.  
*Red text indicates additional information about the study design or condition assignment. 
 
 
Survey Part 1 
 
Thank you for your participation. The survey is anonymous so please be honest. 
Please don’t share your answers with others.   
 
Time of Entrance:                  (am/ pm) 
Gender :       Male / Female           Age :                           Occupation :  










Walking Attraction Escape the Room VR 
Single use pass BIG3 pass BIG5 pass 
VR Party Room 
(30min ver.) 
VR Party Room 
(60min ver.) 
 
*Responses to Questions A-C (i.e., “What is my preference now?”, “Pick a Candy”, “Pick a 
Lottery”) served as my focal dependent variables. 
 
*In Pre-VR condition, Survey Part 1 continued as shown below. 
*In Post-VR condition, Question D (i.e., ‘How did you get to visit this theme park?”) was 
presented as Question A of Survey Part 1, and Questions A-C were presented in Survey Part 2. 
  
A. What is my preference now?  
 
If you could choose right now before playing VR games, please indicate which of the two options you 
prefer with an “O”. (-3 indicates you absolutely prefer the option on the left side of the scale, +3 indicates 
you absolutely prefer the right, 0 indicates you like neither or both options equally) 
1. If I can choose a leisure activity now …   
Walking tour of a forest trail                  -3      -2      -1       0      +1      +2      +3               Bungee jumping 
Peaceful meditation                                -3      -2      -1       0      +1      +2      +3                 Haunted house  
 
2. If I can choose a travel package now … 
Trip to a widely known place     -3      -2      -1       0      +1      +2      +3    Trip to a novel and unique place 




3. If I can choose to go to a concert now... 
Summer ballad concert           -3      -2      -1       0      +1      +2      +3             Summer dance music concert 
Acoustic music concert           -3      -2      -1       0      +1      +2      +3             EDM concert 
 
4. If I can choose a workout option now…    
Indoor gym                             -3      -2      -1       0      +1      +2      +3                      Extreme sports 
Still exercise like yoga  |        -3      -2      -1       0      +1      +2      +3            Exciting but dangerous sports  
 
5. If I can choose a beverage now …     
Still water                                -3      -2      -1       0      +1      +2      +3                        Sparkling water 
Chamomile Tea                       -3      -2      -1       0      +1      +2      +3                         Citrus Ade   
 
 
B. Pick a Candy 
 
Please select one of the two candies. You will receive the option you chose when you submit this 
survey. 
 
One envelope has a fruit candy in it, and the other envelope marked with a “?” has a mysterious candy in 
it. This mysterious candy may be tasty, or it can be extremely spicy or sour. Choose “?” if you are ready 
for it!  
 
Fruit Candy     or    ? 
 
C. Pick a Lottery  
 
If you could enter a lottery to receive one of the tickets below on your next visit, which option would you 
choose?   
 
“Walking Attraction + BIG5 ($35)”    or     “single use pass ($7)”  
         [5% chance to win]      [40% chance to win] 
 
*In Post-VR condition, Question D below was marked as Question A, and was presented as the 
first item in Survey Part 1.  
 
D. How did you come to visit this theme park?   
 
1)Walk-in    2) Internet search    3) Recommended by a friend    4) Social media    5) other  (_________) 
 
E. Who did you come with today? 
 
1) Friend           2) Significant other          3) Family         4) Group visit     5) other (________________) 
 
F. Please indicate the extent to which the sentences describe who you are. (1 = Not at all 
descriptive of me 7 = Very descriptive of me) 
 
1. I am a sensation seeking person.       1 2 3 4 5 6 7 
2. I enjoy exploring new things on my own.      1 2 3 4 5 6 7 
3. I sometimes like to do things that are a little frightening.      1 2 3 4 5 6 7 
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4. I would like to make friends in some of the "far-out" groups like artists or "hippies."  1 2 3 4 5 6 7 
5. I often find beauty in the "clashing" colors and irregular form of modern painting.    1 2 3 4 5 6 7 
6. People should dress in individual ways even if the effects are sometimes strange.   1 2 3 4 5 6 7 
7. I don’t like situations that are uncertain.       1 2 3 4 5 6 7 
8. I dislike it when a person’s statement could mean very different things.    1 2 3 4 5 6 7 
9. When I have made a decision, I feel relieved.       1 2 3 4 5 6 7 
10. When I am confronted with a problem, I cannot wait to reach a solution quickly.   1 2 3 4 5 6 7 
11. If I can’t do a job the first time, I keep trying until I can.      1 2 3 4 5 6 7 
12. Failure just makes me try harder.        1 2 3 4 5 6 7 
13. When unexpected problems occur, I don’t handle them very well.      1 2 3 4 5 6 7 
 
Pre-VR condition   
 
This is the end of Part 1. Please return the survey to the researcher, receive the candy of your choice 
as indicated above, and proceed to the game stations. Please complete all games and return to this 
kiosk to begin Part 2 and receive your payment. 
 
Post-VR condition   
 
This is the end of Part 1. Please return the survey to the researcher and proceed to the game stations. 







Survey Part 2 
 
*In Pre-VR condition, Survey Part 2 continued as shown below. 
*In Post-VR condition, Survey Part 2 began with Questions A-C from Survey Part 1 above (i.e., 
“What is my preference now?”, “Pick a Candy”, “Pick a Lottery”). 
 
Experience at Theme Park 
 
1. My overall VR experience was…  
 
Ø Negative                    -3      -2      -1       0      +1      +2      +3                     Positive   
Ø I don’t recommend it           -3      -2      -1       0      +1      +2      +3           I highly recommend it 
Ø Not worth repeating             -3      -2      -1       0      +1      +2      +3                 Worth repeating  
 
2. How engaged were you in your VR experience?  (1 = Not at all, 7 = Very much) 
1  2   3   4   5   6   7 
 
3. Did you use the café on the 3rd floor?     Yes  /    No 
3-1. If you chose “Yes",  




4. Please indicate which games you played today (✔), and the extent to which you were engaged 
with each one. (If you did not finish a game, write down approximately how long you played it 
before stopping.)  
 
Game  ✔ Level of engagement Comments 
[4F] Racing VR 
 
1   2   3   4   5   6   7 
 
[4F] Exciting VR  1   2   3   4   5   6   7  
[4F] Horror VR  1   2   3   4   5   6   7  
[4F] Speed VR  1   2   3   4   5   6   7  
[4F] Roller Coaster VR  1   2   3   4   5   6   7  
[4F] Adventure VR  1   2   3   4   5   6   7  
[5F] Walking Attraction   1   2   3   4   5   6   7  
[6F] Arcade VR  1   2   3   4   5   6   7  
[6F] Fly Shooting VR  1   2   3   4   5   6   7  
[6F] Shooting Battle VR  1   2   3   4   5   6   7  
[6F] Horror VR  1   2   3   4   5   6   7  
[6F] Sports VR  1   2   3   4   5   6   7  
[6F] Room Escape VR  1   2   3   4   5   6   7  
[7F] VR Party Room   1   2   3   4   5   6   7  
 
5.  Please write your favorite and least favorite game and why.  
 
Favorite game  Reason  
Least favorite game  Reason  
 
6. Have you been to another VR theme park?                 Yes   /  No 
6-1. If you answered “Yes" how many times have you visited?  
 
7. How many people came today, including yourself? 
 





Current Time:    (am/ pm) 
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Pre-VR condition  
 
This is the end of the survey. Thank you for completing the survey.    
Please return the survey, and get payment. 
 
Have a great day J 
 
 
Post-VR condition  
 
This is the end of the survey. Thank you for completing the survey.    
Please return the survey, receive the candy of your choice as indicated above, and get payment. 
 










Study 4: Manipulations and Materials 
 
*Red text indicates additional information about the study design or condition assignment. 
 
Part 1  
*Instructions for Part 1 were given verbally by the experimenter.  
VR condition 
Today, you’ll be watching a short video through this VR headset. I’ll play the video for you and 
show you how to wear the VR headset, so you’ll just need to watch the video from the beginning 
to the end. This is a 360-degree video, meaning that once you put on the headset, you can look in 
all directions to get the full view of the scenes. We actually need you to stand while watching 
this video, and encourage you to walk around and move as much as you want to get the full 
experience. After the video’s over, please return everything to me, and you can finish the rest of 
the study on the computer.  
 
Non-VR condition 
Today, you’ll be watching a short video on this phone. I’ll play the video for you, so you’ll just 
need to watch the video from the beginning to the end. This is a 360-degree video, meaning that 
you can move the phone in all directions to get the full view of the scenes. We actually need you 
to stand while watching this video, and encourage you to walk around and move the phone as 
much as you want to get the full experience. After the video’s over, please return everything to 
me, and you can finish the rest of the study on the computer.  
 
Part 2 
*Part 2 was completed on a computer.  
Welcome to Part 2 of the study! 
 
In a moment, you will answer short surveys on various topics including your experience with the 
video. Please pay attention to the following instructions. 
 
[page break] 
Think about the festival that you just saw in Part 1.  
 
How much did you like the festival (Tomrrowland) from Part 1? (1 = Not at all, 7 = Very much) 
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How much are you willing to learn more about Tomorrowland? (1 = Not at all, 7 = Very much) 
How much would you enjoy going to this festival? (1 = Not at all, 7 = Very much) 





*Points allocated to Electronic Dance Music (EDM) in this question served as my focal 
dependent variable. 
 
As part of compensation for your participation today, we are having a lottery at the end of the 
data collection. Selected winners will receive a gift card for an online music streaming service, 
so they can download a playlist of different musical genres of their choice. 
 
Please allocate 100% below to indicate how much of your total playlist you would devote to 
each genre of music. (100% means you want to receive a playlist composed entirely of songs 
from that genre.) 
 











“Who Am I?” Survey 
 
Below are some identities and characteristics that are relevant to general people. To what extent 
do you believe that each of these characteristics is an important part in defining who you are as 
an individual? 
 
*Order of presentation was counterbalanced.  
Wild (1 = not part-of-myself, 7 = very much part-of-myself) 
Exciting (1 = not part-of-myself, 7 = very much part-of-myself) 
Youthful (1 = not part-of-myself, 7 = very much part-of-myself) 
Spontaneous (1 = not part-of-myself, 7 = very much part-of-myself) 
Intelligent (1 = not part-of-myself, 7 = very much part-of-myself) 
Sentimental (1 = not part-of-myself, 7 = very much part-of-myself) 
Elegant (1 = not part-of-myself, 7 = very much part-of-myself) 
 
[page break] 
Please indicate the extent to which you agree with the following statements.  
 
*Order of presentation was counterbalanced. All questions were answered on a scale from 1 
(Strongly disagree) to 5 (Strongly agree). 
 
I like to try new foods that I have never tasted before.   
I would like to try parachute jumping.  
I would like to take off on a trip with no preplanned or definite routes or timetables.  
I would like to make friends in some of the "far-out" groups like artists or "hippies." 
I often find beauty in the "clashing" colors and irregular form of modern painting. 
I would like to learn to fly an airplane. 
I often wish I could be a mountain climber. 
I like to explore a strange city or section of town myself, even if it means getting lost. 
I think I would enjoy the sensations of skiing very fast down a high mountain slope. 
I like some of the earthy body smells. 
People should dress in individual ways even if the effects are sometimes strange. 
I would like to try some of the new drugs that produce hallucinations. 
I sometimes like to do things that are a little frightening. 
I would like to take up the sport of water skiing. 
I would like to try surfboarding. 
I like to dive off the high board. 
I would like to sail a long distance in a small but seaworthy sailing craft. 
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I would like to go scuba diving. 
 
[page break] 
Have you used VR equipment before? (No, it is my first time. / Yes, I have used this before.) 
If you indicated "Yes" to the previous answer, please describe in brief detail when/where you 
have used the VR equipment.   
 




Now, you will answer a few demographics questions.  
What is your age? (open response, only numeric value was recorded) 
What is your gender? (male, female) 
What is your ethnicity? (White/Caucasian, African American, Hispanic, Asian, Native American, 
Pacific Islander, Other (please specify:    ) 
What is your primary language? (English, Other (please specify:   )) 
What do you think is the purpose of this study? (open response) 






Study 5: Manipulations and Materials 
 
*Red text indicates additional information about the study design or condition assignment. 
 
Part 1  
*Instructions for Part 1 are identical to Study 4 and were given verbally by the experimenter.  
 
Part 2 
* Part 2 was completed on a computer.  
Welcome to Part 2 of the study! 
 
In a moment, you will answer short surveys on various topics including your experience with the 





Below is an ad for an outdoor brand. Please examine the ad carefully then click next. 
 
*Evaluation of the ad and products served as my focal dependent variables. 
 










Please answer the following questions on the ad that you just saw. 
 
What do you think about the ad?   
 
*Order of presentation was counterbalanced  
(1= unappealing, 4 = neither unappealing nor appealing, 7 = appealing) 
(1= unfavorable, 4 = neither unfavorable nor favorable, 7 = favorable) 
(1= dislike, 4 = neither like nor dislike, 7 = like) 
 
[page break]  
 
Please rate how excited the ad made you feel.  
 
To what extent do you think the ad is effective? (1 = Not at all, 7 = Very much) 
 




You will read descriptions of three products from the brand whose ad you just read. We are 
interested in how you evaluate different products based on the descriptions. Please read the 
product description below and answer the following questions.   
 
Non-stimulating ad condition 
 
•   Helps you navigate and move around with ease: suitable for various indoor and outdoor 
activities 
•   Ultra-light, non-bobbing: You get long-lasting comfort that is ideal for DIYers, handymen, 
mechanics and others. 
•   Highest quality: The headlamps are designed for various activities including sports, fixing and 
repairing items, and navigation in the dark.  
 
Stimulating ad condition 
 
•   Helps you navigate in complete darkness: suitable for deep forests, caves and in snowstorms 
•   Ultra-light, non-bobbing: You get long-lasting comfort that is ideal for professional athletes 
who enjoy extreme sports. 
•   Highest quality: The headlamps are designed for heavy outdoor activities – totally waterproof 





Please indicate what you think of this headlamp relative to other headlamps. 
 *Order of questions was counterbalanced  
 
Compared to other headlamps, this product has...(1 = Lower quality, 7 = Higher quality)  
Compared to other headlamps, this product has...(1 = Lower performance, 7 = Higher 
performance) 
Compared to other headlamps, this product is... (1 = Less reliable, 7 = More reliable) 




Please read the product description below and answer the following questions.   
 




•   Whether you’re camping or staying in rustic cabins, this sleeping bag is durably constructed to 
keep you comfortable. 
•   Ultralight and ultrawarm: With body-mapping technology, this sleeping bag is designed to 
keep your body warm on road trips or vacations; backpack anywhere—weighs only 4.1 pounds. 
•   Ultradurable: this sleeping bag is water-resistant and won't tear even if you snag or puncture 
it, so you can throw it in your duffle when travelling. 
 
Stimulating ad condition 
 
•   Whether you’re in the wildness or exploring the mountains, this sleeping bag is durably 
constructed to keep you comfortable. 
•   Ultralight and ultrawarm: With body-mapping technology, this sleeping bag is designed to 
keep your body warm in the rain and snowstorms; backpack anywhere—weighs only 4.1 pounds. 
•   Ultradurable: this sleeping bag is water-resistant and won't tear even if you snag or puncture 






Please read the product description below and answer the following questions.   
 
Non-stimulating ad condition 
 
•   Perfect for exercise, vacation, office use, school and any indoor or outdoor activity you 
choose.   
•   Vacuum insulated: this water bottle is double wall vacuum insulated, keeping drinks hot or 
cold throughout your day. 
•   Leak and spill proof: the locking lid ensures that moms, dads and kids on the go can use it as a 
travel mug, coffee cup, and water bottle.   
 
Stimulating ad condition 
 
•   Perfect for trekking, cycling, hiking, mountain climbing and any outdoor activity you choose. 
•   Vacuum insulated: this water bottle is double wall vacuum insulated, keeping drinks hot or 
cold for up to 24 hours in the wildest places of the world. 
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•   Leak and spill proof: the locking lid ensures that adventurers and explorers can use it as the 






Thank you. This is the end of the Marketing survey.  
Please proceed to the next page. 
 
 
“Who Am I?” Survey 
 
Below are some identities and characteristics that are relevant to general people. To what extent 
do you believe that each of these characteristics is an important part in defining who you are as 
an individual? 
 
 *Order of presentation was counterbalanced.  
Being an adventurer (1 = Not part-of-myself, 7 = Very much part-of-myself) 
Being a person with courage (1 = Not part-of-myself, 7 = Very much part-of-myself) 
Being a proactive person (1 = Not part-of-myself, 7 = Very much part-of-myself) 
Being a caregiver (1 = Not part-of-myself, 7 = Very much part-of-myself) 
Being a theorist (1 = Not part-of-myself, 7 = Very much part-of-myself) 




In Study 1, you watched a short video clip of a man crossing a canyon. Please indicate how much 
you agree with the following statements:  
 
I felt like watching the video was my personal experience. (1 = Not true at all; 7 = Totally true) 
I felt like I have experienced being in the canyon myself. (1 = Not true at all; 7 = Totally true) 




I felt as if I was actually in the canyon. (1 = Not true at all; 7 = Totally true) 
 
[page break] 
Please indicate the extent to which you agree with the following statements.  
 
*Order of presentation was counterbalanced. All questions were answered on a scale from 1 
(Strongly disagree) to 5 (Strongly agree). 
 
I like to try new foods that I have never tasted before.   
I would like to try parachute jumping.  
I would like to take off on a trip with no preplanned or definite routes or timetables.  
I would like to make friends in some of the "far-out" groups like artists or "hippies." 
I often find beauty in the "clashing" colors and irregular form of modern painting. 
I would like to learn to fly an airplane. 
I often wish I could be a mountain climber. 
I like to explore a strange city or section of town myself, even if it means getting lost. 
I think I would enjoy the sensations of skiing very fast down a high mountain slope. 
I like some of the earthy body smells. 
People should dress in individual ways even if the effects are sometimes strange. 
I would like to try some of the new drugs that produce hallucinations. 
I sometimes like to do things that are a little frightening. 
I would like to take up the sport of water skiing. 
I would like to try surfboarding. 
I like to dive off the high board. 
I would like to sail a long distance in a small but seaworthy sailing craft. 
I would like to go scuba diving. 
 
[page break] 
Have you used VR equipment before? (No, it is my first time. / Yes, I have used this before.) 
If you indicated "Yes" to the previous answer, please describe in brief detail when/where you 
have used the VR equipment.   
 




Now, you will answer a few demographics questions.  
What is your age? (open response, only numeric value was recorded) 
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What is your gender? (male, female) 
What do you think is the purpose of this study? (open response) 




Study 6: National Museum of Korea VR Center and Experimental Setup 
 
The VR center was located on the third floor of the National Museum of Korea. The VR 
center was open Monday through Sunday. Every day except Wednesday and Saturday, the VR 
center was open from 10:30am to 5:30pm. On Wednesdays and Saturdays, VR center was open 
until 7:30pm. Due to COVID-19, the VR center closed once at 12:30-1pm, and again at 3:30-
4pm everyday to sanitize the VR stations and VR devices (i.e., headsets and controllers). Details 







NOTE.—Survey station was set up in one corner of the VR center (left of picture). The VR 
stations were situation next to the check-in booth (right of picture) where the museum staff 






NOTE.—Another view of VR center with VR stations in center. 
 
 




NOTE.—Screenshots of the “Museum Storage VR” where users can virtually pick up an artwork 
via hand controller (left) and where users can learn the details on a national treasure in museum 







NOTE.—Screenshot of the “Conservation Lab VR” where the users’ avatar hand grabs a broken 
piece of a damaged artifact to reassemble the pieces at a virtual lab station (left). Screenshot of 




NOTE.—Screenshots of the “Gameunsa Temple VR” where users can examine a virtual 
document on the history of Gameunsa (left) and where users visit the virtual temple site (right).  
 
 
NOTE.— Each VR station is assigned to one VR option. The central monitor shows participants’ 
views in VR (left). Participants use hand controllers and headsets so that they can interact with 
virtual stimuli (e.g., move a piece of artifact). A participant is using the hand controller so his 




Study 6: Manipulations and Materials 
 
This survey material is translated into English.  
*Red text indicates additional information about the study design or condition assignment. 
 
Survey Part 1 
 
Thank you for your participation. The survey is anonymous so please be honest. 
Please don’t share your answers with others. Please submit Part 1 to the experimenter 
before proceeding to the VR station.  
 
Time of Entrance:                  (am/ pm) 
Gender :       Male / Female             Age : 
 
*Responses to Questions E-I served as my focal dependent variables. 
*In Pre-VR condition, Survey Part 1 continued as shown below. 
*In Post-VR condition, Survey Part 1 ended after Question D. Questions E-I were presented in 
Survey Part 2. 
 
A. Please indicate the extent to which the sentences describe who you are. (1 = Not at all 
descriptive of me 7 = Very descriptive of me)  
 
1.I break or spill things because of carelessness, not paying attention, or thinking of something 
else.               1 2 3 4 5 6 7 
2.When doing things, I stay very attentive to the activities and do not rush through them.  
                1 2 3 4 5 6 7 
3.I am a calm person.            1 2 3 4 5 6 7 
4.I am a sensation seeking person.          1 2 3 4 5 6 7 
5.I like to engage in new exciting activities.            1 2 3 4 5 6 7 
6.I sometimes like to do things that are a little frightening.       1 2 3 4 5 6 7 
7.I don’t like things that are too stimulating.        1 2 3 4 5 6 7 
8.People should dress in individual ways even if the effects are sometimes strange. 1 2 3 4 5 6 7 
9.Visiting history museums means a lot to me.         1 2 3 4 5 6 7 
10.I try to go to history museums a lot.           1 2 3 4 5 6 7 
 
B.  How did you come to visit the VR center?   
 
1)Ad   2) Internet search  3) Recommended by a friend   
4) Social media  5) Revisit  6)Museum website 7) Other  (_________) 
 
C.  Who did you come with today? 
 
1) Friend     2) Family     3) Significant other   4) Alone    5) Group visit     6) Other (________) 
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      D. Please rank order the following VR options from the one you want to do most (1) to 
least (4). 
 
Museum Storage (rank:    _)   Conservation lab (rank: _____)   Gameunsa Temple (rank: _____)   
World of Porcelain (rank: ___) 
 
*In Post-VR condition, Question E below was marked as Question A, and was presented as the 
first item in Survey Part 2. 
 
E. What is my preference now?  
 
If you could choose right now before doing VR, please indicate which of the two options you 
prefer with an “O”. (1 indicates you absolutely prefer the option on the left side of the scale, 7 
indicates you absolutely prefer the right, 4 indicates you like neither or both options equally) 
1. National Museum of Korea is designing new VR contents for the future, and we need 
your feedback. If you could do one of these two museum VR contents right now, 
which would you choose?   
  
“Our Ancestors’ Pursuit of Gold”     1      2      3       4      5      6      7     “Beauty of Eastern Asia” 
(content keywords: #excitement, #maximum_thrill)         (content keywords: #meditation, #relax) 
 
“Kaya Civilization’s Sword and String”   1  2   3   4   5   6   7    “Mountains and Rivers of Korea” 
(#into_the_war, #exhilarating)                        (#into_the_nature, #innerpeace) 
 
2. If I can choose a leisure activity now …   
Bungee jumping   1      2      3       4      5      6      7               Walking tour of a forest 
trail                   
Haunted house                         1      2      3       4      5      6      7                Peaceful meditation       
 
3. If I can choose a workout option now…    
Extreme sports           1      2      3       4      5      6      7               Indoor gym                              
Exciting but dangerous sports     1      2      3       4      5      6      7               Still exercise like yoga  
|    
4. If I can choose a beverage now …     
Sparkling water   1      2      3       4      5      6      7               Still water                                 
Citrus Ade     1      2      3       4      5      6      7               Chamomile Tea                        
 
F. Pick a Gift  
 
Please select one of the two gifts. You will receive the option you chose when you submit this 
survey. 
 
One option is a colored notepad in the shape of a Korean porcelain. This is the notepad you see 
on the table. The other option is a mystery gift. This mystery gift (?) could turn out to be 
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something you did not want or it could be something much lower in price compared to the 
notepad. Choose “?” if you are ready for it!  
 
Porcelain Notepad  or       ?  
 
 
G. Please indicate which VR option you selected today (✔). 
 
VR Option  ✔ 
Options 1. Conservation Lab VR  
Options 2. Museum Storage VR  
Options 3. “Gameunsa” Temple VR  
Options 4. The World of Porcelain VR  
 
H. Continuing Your VR experience in Reality 
 
Some of the historical objects and artifacts that appeared in the VR experience are currently on 
display in museum exhibitions. You can continue your VR experience in reality! Please choose 
one of the four options below to indicate how much you want to experience it in person.  
 
Please choose ONLY one option that corresponds to your VR experience. For example, if you 
chose to do “Museum Storage VR” today, then indicate how much you want to go see the 
artifacts on display at the current exhibition in Option 2. If you chose to do “Gameunsa” Temple 
VR today, then indicate how you want to see Gameunsa in person in Option 3. 1 means you do 
not want to do this in person at all; 7 means you want to do this in person very much. 
 
Option 1. Seeing the artifacts from Conservation Lab VR in person              1  2   3   4   5   6   7 
Option 2. Seeing the artifacts from Museum Storage VR in person              1  2   3   4   5   6   7   
Option 3. Visiting from Gameunsa Temple in person    1  2   3   4   5   6   7 
Option 4. Seeing the porcelain from The World of Porcelain VR in person  1  2   3   4   5   6   7  
 
I. Questions about your Museum Experience 
 
1. Below is a list of all exhibitions in the National Museum of Korea. Please select ALL 
exhibitions that you want to see in person when you leave the VR center. If you have 
already seen some of these, imagine that if you hadn’t already seen them, how much you 






1F     
Medieval and Early Modern History (  )    
Prehistoric and Ancient History (    ) 
Digital Gallery 1 (  )  
Digital Gallery 2 (   ) 
Pagoda from Gyeongcheonsa Temple 
(      ) 
 
2F    
Calligraphy and Painting (      )    
Donated Works (      ) 
 
3F    
Sculpture and Crafts (  )   World Art (  )  
Special Exhibitions 
 
Celebrating the Year of the Ox (  ) 
 
Art of Spring (  ) 
 
Genre Paintings by Kim Hong Do (  ) 
 
Egypt (      ) 
 
History thorough Hangeul (      ) 
 
Excavation Project of Seobongchong 
(   ) 
I want to see all of the above (      ) 
I want to see none of the above (      ) 
 
 
2. How much are you willing to write reviews about your museum VR experience online?   
(1 = Not at all, 7 = Very much) 
1  2   3   4   5   6   7 
 
3. How much are you willing to post your museum VR experience on social media or 
blog(s)?   
1  2   3   4   5   6   7 
 
4. How much are you willing to volunteer in future museum events (e.g., educational 
initiative or public events)?      
1  2   3   4   5   6   7 
 
5. How much are you willing to write reviews about your museum VR experience online?   
 
1  2   3   4   5   6   7 
 
6. How much are you willing to purchase products from the museum gift shop?   
 









Pre-VR condition   
 
This is the end of Part 1. Please return the survey to the researcher, receive the gift of your 
choice as indicated above, and proceed to the VR stations. Please complete your VR 
experience and return here to begin Part 2. 
 
Post-VR condition   
 
This is the end of Part 1. Please return the survey to the researcher and proceed to the VR 







Survey Part 2 
 
*In Pre-VR condition, Survey Part 2 continued as shown below. 
*In Post-VR condition, Survey Part 2 began with Questions E-I from Survey Part 1 above. 
 
 
Experience at VR Center 
 
1. My overall VR experience was…  
 
Ø Extremely calm 1      2      3       4      5      6      7               Extremely stimulating 
Ø Extremely negative 1      2      3       4      5      6      7               Extremely positive   
Ø I don’t recommend it  1      2      3       4      5      6      7               I highly recommend it 
Ø Extremely boring        1      2      3       4      5      6      7              Extremely interesting 
 
 
2.  Please write your favorite and least favorite part of your VR experience and why.  
 
Favorite part  Reason  
Least favorite part  Reason  
 
 
3. How much did you experience nausea during VR?  1  2   3   4   5   6   7 
 
4. How much prior VR experience do you have?   
 
 None     once     2-3 times    4-10 times     more than 10 times 
 







6. Please write your email address to be contacted about a follow-up survey online. We 








Pre-VR condition  
 
This is the end of the survey. Thank you for completing the survey.    
Please return the survey to the experimenter. 
 
Have a great day J 
 
 
Post-VR condition  
 
This is the end of the survey. Thank you for completing the survey.    
Please return the survey, receive the gift of your choice as indicated above. 
 








Study 6: Analyses of the Long-Term Consequences of Museum VR 
 
From the museum’s perspective, one of the primary reasons for using VR is to incite 
consumers’ interests in the historical contents featured in VR as well as their interests in the 
museum. Although museum VR did not immediately transfer to greater interest in the content 
and the museum, there are reasons to believe that VR can motivate interests in the long run. 
Here, I tested the longevity of VR’s effects in an indirect way by asking participants these 
dependent variables with long-term consequences. For example, if people who have just finished 
museum VR (vs. did not do VR) increase their intention to volunteer at future museum events, 
this is an indirect evidence that museum VR can increase consumers’ long-term interests and 
engagement with the museum. These measures were collected at wave 1.  
Specifically, participants indicated their willingness to volunteer in future museum events 
(e.g., educational initiatives, public events), willingness to write reviews online, willingness to 
post their experiences on social media or blogs, and willingness to purchase goods from the 
museum store (1 = Not at all; 7 = Very much). Depending on the condition, participants in the 
pre-VR condition answered them before doing museum VR and participants in the post-VR 
condition answered them after doing museum VR.  
Results showed that compared to those in the pre-VR condition, participants in the post-
VR condition were more willing to volunteer in future museum events (e.g., educational 
initiatives, public events) (Mpre-VR = 5.47, Mpost-VR = 6.18 on a 1 to 7 point scale, F(1, 145) = 8.02, 
p = .005), more willing to write reviews online (Mpre-VR = 4.52, Mpost-VR = 5.12, F(1, 145) = 4.44, 
p = .037), more willing to post their experiences on social media or blogs (Mpre-VR = 3.60, Mpost-
VR = 4.35, F(1, 145) = 3.79, p = .053), and more willing to purchase goods from the museum 
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store (Mpre-VR = 4.37, Mpost-VR = 5.36, F(1, 145) = 12.62, p = .001). This suggests that although 
museum VR may reduce people’s desire to immediately follow the museum VR with other 
similar experiences, it can accrue lasting marketing benefits to the museum, by increasing 
consumers’ intentions to engage with future museum events, share their experiences with others 
online, or purchase goods from the museum shop.   
 
